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CHAPTER 1: INTRODUCTION

Federal, State, and local agencies in the United States must plan, design, aad maint
roadways which serve a wide variety of users and vehicles. A small percehtagse

vehicles include slow-moving vehicles (SMV) such as horse drawn carriages|tagalc

vehicles, and other vehicles, such as maintenance equipment, construction equipment, ATV
etc, which travel slower than regular highway vehicles. According to tine Hafety

Association (2002) an SMV is considered any vehicle that cannot keep a constant speed of
25 mph (40 km/h) or greater. SMVs can be dangerous obstacles on the roadway, particularly

on rural two-lane highways which are common in the Midwest.

Farm vehicles are often on the roadway since farmers need to move equipmerusf vari
lengths and weights from one location to another. Also, as the population increases in
Midwest communities, farmland near urban centers has been developed into résideriia
neighborhoods. Since the farmland has moved farther away from the urban cemters, far
vehicles have to travel longer distances to access their fields (Ldcy2€08). As the

number of people moving to rural areas increases, commuting to work in distant comgmunitie
has increased the likelihood of an SMV crash on public roads connecting commuraitées (C
et al., 1997).

Horse drawn buggies are not common on many roadways, but do exist nonetheless in
communities which have a strong presence of Old Order Amish and Old Order Mesnonit
Next to walking, horse drawn buggies are the main, and often times only, form of
transportation for these religious communities which are located in the Mawesd

northeastern parts of the United States.

SMVs are allowed to travel on the public roadways while following laws spécigach
state as described in the following section which explains current practitesWnited
States. The most significant problem with SMVs on public roadways is the spesdrdiél

between SMVs and regular vehicles on the roadway as well as the |l&gé siachinery



which may require more space than a standard 12 foot lane allows. Shouldersnanetoft
large enough to safely accommodate SMVs while simultaneously allowingvettietes
traveling in the same direction sufficient space to overtake without entetinthe opposing
travel lane which requires a long gap in oncoming traffic. Therefore, passingvaeare
often dangerous and risky for three reasons. The first reason isgbhahdghe oncoming
traffic may be are misjudged by a fast moving vehicle driver atieg pass an SMV.
Second, it may be difficult for drivers of other vehicles to see around larlyts 8\brder to
detect traffic in the oncoming lane, resulting in possible head-on crasHednyihig to pass
the SMV. The last reason is that safety equipment (e.qg. tail refletiton signals, head
lights, flashers, etc.) on the SMVs may be faulty or nonexistent and the slowgmovi
vehicle’s intent, such as intent to turn, is not communicated to other drivers. Thisiresults
broadsides between the passing vehicle and the SMV when the SMV is turning left without
proper notification to the drivers following the large vehicle. Drivers in reguldaches may

also rear-end SMVs which are not properly marked.

Operators of the SMVs can also misjudge gaps. Sometimes SMVs arettooress a
public roadway and an SMV operator may misjudge the amount of time necesskey ifor

the entire vehicle, including any trailers, to cross and clear all lanegirmgsala crash.

Rear-end crashes may also occur when the speed differential is gwesdrba vehicle
approaching an SMV moving in the same direction. Sight distance issues on odliahéw
roads increase this risk of a crash when a vehicle approaches an SMV frachjoshover
the crest of a hill and the high speed differential doesn’t allow the driver eneagion

time to see the SMV on the downgrade and slow down before a rear-end crash occurs.

The gravity of the situation for vehicles interacting with SMVs becomes ayppainen
considering the rate of closure between vehicles traveling with a high sffeeehdial. For
example, a vehicle traveling at 55 mph will completely close a 500 foot gap on a lezd vehi
traveling 45 mph in 34 seconds. If the lead vehicle is traveling at 25 mph, as is tivgltase

many farm vehicles, the time to react goes down to 11.2 seconds. If the lead sehicle i



traveling at 5 mph, as with horse-drawn buggies, the time to react falls to 6.8 secoads. T
speed differential between SMVs and normal traffic flow has createdoaiséransportation

safety concern over the last fifty years (Garvey, 2003).

The purpose of this thesis was to investigate ways to improve transportatigrfaaMVs

on the public roadway system in lowa. First, a literature was done to reviewtitecstand
different laws concerning SMVs across the country. This provides a backgroundanecess
to understand what an SMV. Additionally, a crash study was conducted and anabettd ba
on three years of crash data. By doing so, commonalities were addressedeasbeg
within each specific vehicle group and countermeasures can be identified ofieyealafety
strategies and guidelines could enhance both the safety and effectivethesgudflic

roadway system for all users. In addition, a crash model analysis was teohchacieling

the effects of different crash characteristics on the severity of sraslaving farm

vehicles. Determining the significant factors influencing crash dgvdentifies the areas
requiring attention to reduce crash severity. Following these sect®mnsralusions as well
as recommendations for policy change.



CHAPTER 2: LITERATURE REVIEW

This section begins with a background on the statistics of crashes involvingtagaicul
equipment and horse drawn vehicles in the United States, lowa, and also intetgatitmal
next section discusses the current practices throughout the nation and in lowa. Then the
effectiveness of different strategies is explained in the final sectiorseTiheude studies on
current practices as well as other possible strategies that have not besndnipt into

state law. These methods have been suggested by research studies or have kesgkfopatent
the purpose of reducing SMV crashes. In certain cases, these newestrateg been

studied and the effectiveness of those methods has also been documented.

Background

National Statistics

Agricultural Equipment

According to the USDA, 2.1 million farms were recorded in the United States during 2002,
averaging 441 acres per farm. Of these 2.1 million farms, 1.9 million had aiheast
motorized tractor in use for farming purposes and pulling agricultural equipment. The
average tractor age was 25.7 years old with 50% of all tractors having a rplotestive
structure (ROPS) (USDA [National Level], 2002). An ROPS is “a cab or ftaatgrovides

a safe environment for the tractor operator in the event of a rollover” (Qitivef lllinois
Safety Specialist). From the Fatal Accident Reporting System $fARere were 90 fatal
crashes involving a farm vehicle which was not a truck in the United States in 200® Whil
there has been no significant increase in the number of these fatal craskdsgshmren a
fluctuating, high number of SMV crashes occurring between 1996 and 2005 with the highest
being 106 fatal crashes and the lowest being 85.

In Ohio, 1,432 farm vehicles were reported to have been involved in a crash from 1989-1992.
Left turning crashes were the most common type of SMV crash in Ohio at 52%. A

significant factor of these crashes was the failure by the other drivecdgnize that the



farm vehicle was making a left turn. Of the total crashes reported in Ohio, 78%edccur
during daylight hours. This statistic was similar to lowa which has 81%s¢Gtk, 1993).
Glascock also suggested in a similar article a peak of SMV crasheseacbatween the

hours of 12:00 and 6:00 P.M. Both peaks for lowa (shown in the next chapter) and Ohio
occurred in the afternoon/early evening time periods. The document also shows ioformat
on the same study where 42% of the dark crashes from 1989-1992 were rear-end crashes
(Glascock, 1995). These similarities may indicate a need for better tysabiigricultural
equipment during dark or evening hours. Farmers also need to keep SMV emblems clean
and replace them when the colors and retro reflectivity become dull and/octinveffaviore
recent farm vehicle crash statistics were displayed through theukgral Safety and Health
Program at the Ohio State University Extension. Figure 1 shows crash treoldgsg farm
vehicles between the years of 1997-2006 sorted by crash severity. The numbmar of far
vehicle crashes has decreased in Ohio over the last five years overall| terhaiihs over

170 annually (Agricultural Safety and Health Program, 2008).

Farm Equipment/Motor Vehicle
Crashes 1993-2006

Source: Ohio Department of Public Safety
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Figure 1. Ohio Farm Vehicle Crash Statistics
(Agricultural Safety and Health Program, 2008)

A North Carolina study showed that the North Carolina farmers’ greatesy sahcern was

driving farm vehicles on public roads. A common opinion amongst the survey respondents



was that sharing public roads had become more dangerous between the years of 1995 and
1999. The increased population in counties that are major agricultural producenssieas ca
increased competition for public road use. A study of crashes during that fiveeyreat
showed a peak between 3:00 P.M. and 6:00 P.M., which is also consistent with the peak
times for lowa and Ohio as reported in the previous section (Costello et al., 20@2her
North Carolina study of farm vehicle crashes from 1991 through 1999 indicated thethdear
and left-turning crashes made up more than 50% of the crashes reported. Vassstud
indicated that the frequency of farm vehicle crashes over the last 35y&sorth Carolina
had changed very little. Even though there was little change in crash frequeriatalitye
rate for the agricultural industry was still six times higher than tieefoa all industries in
1999 (Lacy et al., 2003).

Horse-Drawn Buggies

Old Order Amish and Old Order Mennonite communities commonly use the horse-drawn
buggy as a form of transportation for religious reasons as discussed in a previous sect
The two religious groups are found in twenty different states as well as@anariCanada.

In 1990, it was estimated that the Amish population in the United States was 127,800, which
was a significant increase from the 3,700 estimated in 1900 (Meyers, 1990).

The average horse-drawn buggy is six feet wide and travels at 5 to 8 mph. Sirare they
legally allowed to use non-expressway public roadways, the interaction hatvoéar

vehicles and horse-drawn buggies can lead to conflicts and decreases inpextiton.

The interaction between buggies and vehicles can be particularly probleratiarivers

are not accustomed to horse drawn buggies. According to an Ohio study, tourists who are
unfamiliar with the Amish communities tend to drive more slowly while observiggibs

due to their unfamiliarity with the road system. Because of this, touristeeras less of a
problem to the traffic mix than the local motoring public (O’Connor, 2000).

The Ohio State Extension services website gives more statisticenishAduggy crashes.

These statistics come from the Ohio Department of Public Safety. Arsasnabs



performed on 500 incidences with horse-drawn buggies between 1990 and 1993. Buggy-
related crashes were found to occur during both daytime and night time hours beeveen th
hours of 5:00 A.M. to 10:00 P.M respectively. Peak periods for crashes were found to occur
during the following hours along with the corresponding percentage of total hovae-dra
buggy crashes that occurred during that time period: 21% between 5 a.m. and 7 a.m., 18%
between 1:00 and 3:00 p.m., and 29% between 5:00 p.m. and 7:00 p.m. With this
information, the Ohio State Agricultural Safety and Health program recadsibat

marking and lighting were found to be effective in low light, full daylight, and night
conditions. Of the total horse-drawn buggy crashes, 42% were rear impacs enag3y %

were side impact crashes. Also, 8% of the crashes were fatal crashéfktension Ag.

Safety and Public Health, 2007).

Due to the high speed differential between motorized vehicles and the horse-dgawis bu

lack of resilience in the structure, many horse-drawn buggy collisions withrotter

vehicles have a high crash severity. A fire chief responding to a horse-drawncoasjgyn

Ohio described the crash as, “The buggy just blew apart, ejecting two amtlifteveen

children onto the roadway.” Figure 2 shows a photo of this crash occurring on June 13, 2007
in Middlefield, Ohio.

(Whitaker, 2007)



Another reported horse-drawn buggy crash occurred on October 29, 2006, in Salisbury,
Pennsylvania which resulted in two serious injuries to children. Figure 3 shovesihias

of the buggy after it was struck from behind by a sport utility vehicle (SUV). Tierarf

the sport utility vehicle was reported obscured vision when she was blinded by the sun and
came up on the buggy too quickly, rear-ending it (Bal, 2007).

Figure 3. Horse-Drawn Buggy Crash it SUV in Safibury, Pennsylvania
(Bal, 2007)

lowa Crash Statistics for SMVs

Agricultural Equipment

According to United States Department of Agriculture (USDA), there @@/@55 farms in

lowa with a total of 31,729,490 acres in the 2002 census. The proportion of total land area
used as farms is 88.7%, which ranks fifth in the United States. Only ten states have mor
farm acreage than lowa (USDA [State Level], 2002).



The percentage of tractor-related crashes in lowa that resulted ifitg Fetd increased from

9% in a three-year period including 1988-1990 period to 22% in a two-year period including
1991-1992 (Lehtola et al., 1994). During that same 1988-1990 period, the lowa Department
of Transportation (DOT) reported 1,477 crashes on public road and right-of-ways that
involved farm vehicles. This equates to an average of almost 300 crashes pehgsar. T
crashes occurred throughout the year with the month of October showing nweaelggs

many crashes as any other month. The three most common crash types ware (2%

of total), rear-end (20%), and passing (4%). Consistent with national statikiiga DOT

crash data also indicate that a crash involving a slow-moving agriculturalevishabdout

five times more likely to result in a fatality than other types of crdghmsa Highway

Safety Management System, 2001).

Gerberich et al. investigated injury fatality rate for workers in alupations in lowa (nine

in 100,000) to the farm fatality rate (48 in 100,000) in 1988. This farm fatality rate was
among the highest in the nation in 1988. In 1993 the rates were still eight and 35 in 100,000,
respectively, which had not dropped significantly from the previous high rate of 1988. The
researchers also suggested from their findings that fatal-crashesnigarm vehicles are
related to vehicle and environmental factors that are changeable. Theseifedtude
investigating the design characteristics of the farm vehicles witthgpleigentage of

overturns associated with farm vehicle crashes (21%) as compared to non-falesvehi
(9%). Visibility factors are also common as a large percentage of farmevetashes are
rear-end crashes compared to 4% of non-farm vehicle crashes. This suggest®a nee
consider visibility aids to allow for better perception of the farm vehiglestioer vehicles

on the roadway (Gerberich et al., 1996).

Flynn (1994) reported a conflicting number of SMV crashes in lowa from 1988-1992 of
1,490 crashes. However, the percentage of reported left turn crashesinchtofbe 22.4%,
which was consistent with the data from the lowa DOT study. Sideswipe andceasiies

accounted for 38.3% of all crashes, which included crashes caused by left turnahgsvehi

The road surface conditions were dry in 79.1% of the crashes, indicating that roadrenditi
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were not a contributing factor to the crashes. The age of the driver was also fouad to be
noncontributing factor in the report. Flynn also reported that of all the reportdeksria

lowa from 1988-1992, 81% occurred during daylight hours with peaks occurring between the
hours of 12-4 P.M. and 4-8 P.M (Flynn, 1994). Falb (2008) reported a news release through
the lowa DOT that showed recent data of traffic crashes involving farme®iiom 2004-

2006. There were a total of 586 crashes during that period for an average of just over 195
crashes per year. Of the 586 crashes, 22 resulted in fatalities. Falb (2008parted that

of all farm vehicle-related traffic crashes in lowa from 2001-2006, a ihagmcurred

during the month of October with more than 250, followed by November with around 180,

and then June with just over 150 crashes.

Horse-Drawn Bugqgies

Horse drawn buggies are used by the Old Order Amish and Old Order Mennonites. These
two groups do not use automobiles in order to remove themselves from easy adwess to t
ways of the world (Pa Dutch, n.d.). The US Census fails to produce data on the religious
population throughout the United States. However, the Association of Religion Data
Archives (ASARB, 2000) does collect and report this information. The Old OrdeshAmi
population in the United States shown in Figure 4 and the Old Order Mennonite population is

shown in Figure 5.
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Figure 5. Total Adherents to the Older Order Mennorite Congregation (2000)
(ASARB, 2000)

According to a 2000 study by ASARB, the only county in lowa in which Old Order
Mennonites reside is Howard County with 69 adherents to the church. The totals for both
horse-drawn buggy-based populations were sorted by county and can be found in Figure 6.
The OIld Order communities are located in northeast and south/southeastern lowasiThe m
heavily populated Amish county is Washington County in southeastern lowa with a ldrge Ol
Order Amish community in the Kalona, IA community with 621 adherents. Davis and
Buchanan counties in southern lowa also have large Old Order Amish populations with

communities of 483 and 420 adherents, respectively (State Data Center of lowa, n.d.).
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Figure 6. lowa Amish Population

International Statistics

In Sweden, farm vehicle crashes were analyzed over a period of fivg1/282s1996).

During each year of the study, SMVs were involved in over 250 crashes with an average of
297. On average, 10 people were killed each year. The most common type of crash (30%)
was a vehicle attempting to overtake an SMV at 30%, followed by turnindeatsi(27%),
accidents at crossroads (26%), and oncoming vehicles (17%). Most crasheslonclure,
followed by September and October. A peak occurred from 3:00 PM through 5:00 P.M.,
which was consistent with the US data stated in previous sections. About 75 % of the
crashes happened during daylight and the roads were dry in 60% of the cases. The 297
average crashes per year correspond to about 1.3 % of all persons injured iadcaféats

in Sweden. Just over half of the persons killed in these crashes were persding irage
vehicle other than the SMV involved in the crash (52%). This differs from US datadh whi
the majority of persons killed were those traveling in SMVs (Pinzke and Lund2@i).
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Current Practices

National Practices

Agricultural Equipment

The American Society of Agricultural and Biological Engineers (ASABEG2@@ovides
advisory standards for the lighting and marking of agricultural field equipni2espite
attempts to create uniform standards for all states to follow regarifiNgi§hting and
markings, practices still differ from state to state. The currentipgador the safety of
SMVs should be understood along with the effectiveness of those strategies enforced b
different states. Glascock et al. (1995) conducted a study of state toal#is i which laws
for lighting and marking of SMVs were identified in a survey of all 50 stateghting and
marking strategies that are commonly used on SMVs include: headlights, turs,sagmadr

flashers, reflectors, taillights, and SMV emblems.

According to the ASABE (2006) standards, headlamps should be used, mounted at the same
height, and spaced as widely apart as practicable symmetricalgdpsa the front of the

SMV. Glascock et al. (1995) found that thirteen states required only one headlamty-. Thi

six states required two headlamps. Nine of those states made special provigiacsoic

without electrical systems to require only one lamp. Alaska had no code for headlamps
Forty-eight states did not require the use of headlamps during the daytimka Rdalsno

code. Eight states required the headlamps to be visible from a distance of nnlés8Gba

feet. Twenty-five states required visibility from 500 feet, and ten statesred a distance

of 200 feet visibility. Vermont required 150 feet, Kentucky and Texas 100 feet, Rhode

Island 75 feet, and Maine 50 feet. Alaska and Massachusetts had no requirements.

ASABE (2006) also recommends the use of two red taillights symmetmaliyted to the
rear of the machine and widely spaced no farther than 5 feet to the lefglatnof the
machine center and between 1.3 and 10 feet high. According the same study byk@&lascoc

al. (1995), thirty-five states required only one taillight. Fourteen stateseédqwo
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taillights, two of which allowed the use of two reflectors and one taillight asemate if a
vehicle had no electrical system. Two others had the same requirements, toartatdi
required that one lamp or reflector be placed as far left as possible. Kerdqukgd that
taillights must be used during daytime hours while forty-eight states did fetkaAdid not
have this requirement. Taillight visibility distance ranged from no requireapetat 1000
feet. The shortest distance requirement was 100 feet. Taillights fanlagatmachinery
must be red in forty-seven states, while Kentucky allowed white, red, or aradmohiof the
two and Alaska and Oregon have no color requirement (Glascock et al., 1995).

Amber flashing lights are commonly visible on the front of tractors. They ademuse
conjunction with turn signals for greater visibility. These lights can be usednas

indicators when provided. ASABE (2006) standards recommend using at least two amber
flashing warning lamps to flash in unison at a rate of 60 to 85 flashes per minute. dtey ar
be symmetrically mounted and as wide as possible between 1.3 and 12 feet high. On
machines more than 12 feet wide, at least two amber flashing lamps shall bednount
between 1.3 and 12 feet high and within 16 inches of the lateral extremities of theanachi
flashing in unison between 60 and 85 flashes per minute. If a machine is less thian 4 fee
wide, only one lamp should be used and shall be placed as close to the center allgractica
Eleven states required amber flashing lamps, thirty did not. Three states p@mitthe

use of amber flashers. Six states had no code for amber flashing light®¢(&leisal.,

1995).

ASABE (2006) recommends the use of turn signals to indicate the SMV’s intentionsrto othe
vehicles. Amber flashing warning lamps may be used for this purpose. lashislte

amber flashing warning lamps in the direction of travel shall increaseagtterfyy frequency
while the opposite amber lamp shall burn steadily. Also, a rear-facing reder Emp
symmetrically mounted and positioned as widely spaced as practicabldastaihfthe

direction of turn and in unison with the amber flashing warning lamp. The additional rear
facing lamp opposite the turn may remain off, or on, or become brighter but shadisiot fl

If the vehicle is equipped with stop lamps, the additional rear facing red or anber
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indicators are not required regardless of velocity. Of the fifty statessigmals were not

required in forty-nine states, while Maine had no code (Glascock et al., 1995).

SMV emblems are also recommended for use on SMVs by ASABE (2006). The SMV
emblem is identified as a “fluorescent, orange equilateral triangheawiéd retroreflective

tape. The red-orange fluorescent triangle provides for daylight idettificarhe red
retroreflective border “appears as a hollow red triangle in the path of rejtmie

headlights at night” (ASAE, 2005). Dimensioning and other specifics of the eméatebec
found in Figure 7. A colored representation of the emblem as is seen in both day and
nighttime scenarios is shown in Figure 8. Forty-one states required the use¥ an S
emblem, while eight states did not. One state permitted the use of the S\Vafreantd
flashing or rotating amber light. Research by Carol Lehtola (2007) deeztra lack of
consistency in speed maximums requiring an SMV emblem. In other words, there is a
difference in how states define an SMV. lowa requires an SMV emblem otegehic
traveling 35 mph or less, while Minnesota has a speed requirement of 30 mph or less. One
other state, not mentioned in the report, requires 25 mph or less to force the use of SMV
emblems. lowa and Minnesota’s speed definitions are different from tiné@idefof an

SMV by the Farm Safety Association as was stated in the introduction axke vieai

cannot keep a speed of 25 mph or higher. This difference indicates a need for cgnisistenc
defining an SMV and creating universal safety standards for these types téyvebioss

the country.
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(ASAE, 2005)
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Figure 8. SMV Identification Emblem: Day vs. Night
(Garvey, 2003)

ASABE (2006) recommends that at least two red retroreflective deviqdadasl on the rear
of the vehicle and shall be visible at night from all distances between 100 and 1000iseet.
recommended that these emblems be spaced horizontally no farther than garteetlae

study by Glascock et al. (1995) did not inquire the requirement or lack thereof for red
retroreflective devices.

In addition to lighting and marking requirements of the SMV self-propelledudiynial
equipment (SPAE), requirements also exist for the towed agricultural equipntent
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implements of husbandry which are non-self-propelled equipment (NSP). ASABB (2006
recommends that NSP equipment obscuring the SMV emblem on the SPAE be equipped
with an SMV emblem as well. It also recommends that any NSP equipmeobsicates

any lighting including any flashing warning lamp, tail lamp, exttgdamp, or stop lamp on
the NSP equipment shall be fitted similarly to take the place of the lamp¢sjretis From a
survey by Glascock et al. (1995), eight states had no requirement for tadhigRSP
equipment. Thirty states required at least one taillight. Of these, omeesjaired no

taillight if the NSP equipment displayed an SMV emblem. Four stateseddghbat one light
or reflector be placed as far left as practicable. Fifteen stajaisee two taillights on the

NSP equipment. Some states had other specific provisions.

Amber flashing lights were not required on the NSP equipment in thirty-fiesstatee

states did not permit their usage, five didn’t mention them in the code, and seven required
their usage, but three of those seven required their usage only when the flashers AEthe SP
equipment are obscured. Forty-four states did not require turn signals on the NSieagui
and six states did not mention turn signals on NSP equipment.

Equipment that is wider than the roadway also has specifications that should be folfowed.
NSP equipment is wider than 12 feet or extends more than 6 feet to the left or tight of
centerline and beyond the left or right of the SPAE, ASABE (2006) says that ihahal

lighting in the form of at least two amber flashing warning lamps visibla the front and

the rear, two red tail lamps, and turn indicators. Equipment length should also be cdnsidere
for safety precautions. ASABE also recommends that NSP equipment extendantipamor

25 feet to the rear of the hitch point shall have the same lighting as descriladifor

vehicles. Glascock et al. (1995) did not address the width or length of towed vehibkes in t

survey.

The inconsistent state code requirements suggests a need for a standardidatse aides
so as to allow uniform traffic communication among motorists from statetéo(&kscock
et al., 1995).
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In order to inform the public of these laws and to warn the motorists of the potensiedhaz
of SMVs, organizations within many states act as educators by putting togétineraitional
brochures and handouts. Local newspapers also educate the public by includes articl
about the dangers of encountering an SMV and provide tips to be a safe and aware driver on
the public highways. The following are such organizations including, but not liroitéthie
Farm Bureau Safety Program of Georgia (Farm Bureau Safety Rr&@gargia, n.d.),
Alabama A&M and Auburn Universities (LaPrade, n.d.), Kokoma Tribune of Indiana (Slow
Moving Vehicles Ahead, 2007), lowa Department of Public Safety (lowa Degatrivh

Public Safety, 2004), lowa Department of Transportation (lowa Department of
Transportation, 2003), Ohio State University (Jepsen, 2002), Pennsylvania Farm Burea
(PFB, 2006).

In addition to informing the public on how to drive safely sharing the roads with SMVs,
some organizations are attempting to educate the operators of SMVs and infoemnant

how to drive safely on public highways while sharing the road with other motoriste. Suc
programs include, but are not limited to: Farm Safety 4 Just Kids (Farm Safetykdd3iis
n.d.), University of Maine (Cyr and Johnson, 2006), Cornell Agricultural and Health Safety
Program, Ohio State University, Pennsylvania State College of Agrialfarences

(Murphy and Shufran, 1998), Texas Department of Insurance Division of Workers’
Compensation Safety Education and Training Programs (Texas Departnmesurahce,

2004), and National Ag Safety Database (Karsky, 1998).

The Agricultural Safety and Health Program has established a websiiglitthe Ohio State
University Extension to educate farmers on using appropriate lighting akdthghan their
farm equipment. The Ohio Revised Code requires all tractors (non-multi-whaetedi|f-
propelled equipment to display the following lighting from “sunset to sunrise or \Wwhem t
is insufficient lighting to render discernable persons, vehicles, and suldstarecs at a
distance of 1000 feet ahead:
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¢ One white headlight on the front of the vehicle, visible from at least 1,000 feet in
front of the vehicle.

e Two red lamps as wide apart as possible on the rear of the vehicle, visible from at
least 1,000 feet behind the vehicle or one light and two red reflectors” (Agraultur
Safety and Health Program, 2008).

Also within the site, the Ohio House Bill 484 illustrating the lighting and marking
requirements for multi-wheeled tractors is described in detail. The billevased in 2001

to require the appropriate lighting from sunset to sunrise or when there is Greuffight

to render discernable persons, vehicles, and substantial objects at a distance of 1000 feet
ahead;” different from the previous law requiring lighting from %2 hour afterestos2 hour
before sunrise. Additionally, the revised law requires multi-wheeledtsaitt display

lighting and marking as follows:

e Two flashing amber lamps visible to the front and to the rear mounted within 16
inches of the left and right extremities of the machine and between 3.3 and 12 feet
above the ground.

e Two red reflective strips visible to the rear and two amber reflective siside to
the front mounted within 16 inches of the left and right extremities of the machine
and between 3.3 and 12 feet above the ground (in conjunction with amber flashing
lights). Reflective strips must be 2 by 4.5 inches in size for vehicles 6.7 feet wide or
less and 2 by 9 inches in size for vehicles wider than 6.7 feet (Agricultdesy Sad
Health Program, 2008).

The bill also requires that all agricultural equipment model year 2002 and |&er floé
ASABE lighting and marking standard 279.10.

The site also has lighting and marking diagrams to show the placement of such.device
Figures 9, 10, 11, and 12 show diagrams of lighting and marking placement on a multi-

wheeled tractor, implement, tractor, and grain wagon. Another feature is a poidi ¢k
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in which different fact sheets are offered as helpful safety informatiorseTdrécles include
“Hand Signals for Agricultural Safety,” Rotary Agricultural Mower Sgfe“Preventing
Farm Machine Hazards,” and “ATV’s (All-Terrain Vehicles) in Ohio. Youtlesaérticles
are also linked titled, “Tractor Tips,” “Tractor Talk,” and “Machinery Hatgar
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Figure 9. Multi-Wheeled Tractor Diagram
(Agricultural Safety and Health Program, 2008)
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Figure 12. Wagon Diagram
(Agricultural Safety and Health Program, 2008)

Horse-Drawn Bugqgies

A comparison of laws for horse-drawn buggies will allow a similar asses&ient
consistency to agricultural equipment laws. Most states classify homse-duggies as

SMVs and follow under the corresponding law. For instance, California requirearonly
SMV Emblem (California DMV, 2007). Some states, however, have additional reqniseme
for horse-drawn vehicles as well. Ohio requires animal-drawn vehicles tah&MdV
emblem and/or reflective material that is black, gray or silver in colontadwn the
animal-drawn vehicle so as to be visible from a distance of not less than 500 Heeteart

when illuminated by the lawful lower beams of headlamps.

The Jackson County Chronicle in Wisconsin discusses different SMV crashes andlpotentia
causes for the crashes. In Wisconsin horse-drawn buggies are not requiregdo SV
emblem, but they do need to have lights and reflectors visible from 500 feet aveaygljragc

to Wisconsin’s Department of Transportation lawyer, Joe Maassen (Hegs@b@r). One
problem identified by Sheriff Scott Pedley is that the use of red tail lightese drawn

buggies makes them look like any other vehicle. The driver of a vehicle approdising t
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horse-drawn buggy may mistake it for a vehicle traveling at normal speeds aedlizetits
real identity and speed until the last second, causing the vehicle to slam cakdee vMany
times it is already too late. Another issue to be concerned with is thatsoisie believe

the SMV emblems violate their religious rights. A possible solution to the problebebaas
proposed in Green County, Wisconsin of widening the shoulders in the heavily traveled
horse-drawn buggy areas to 8 feet. This would also be a benefit to bicyclists antiia@yhig

maintenance (Hesselberg, 2007).

From 1999-2003, the State of Ohio holds a Geauga County Sharing the Road with Amish
Travelers Forum each year. During this annual meeting, Amish communitgereemeet

with state and local officials to discuss possible development to help prevent Anssh hor
drawn buggy crashes. It was hoped by officials that public education byrgriypetal

community and visitors could significantly reduce Amish horse-drawn buggy srashe

Before the forum was first held in 1999, Amish horse-drawn buggy crashes diiégata
resulting from those crashes were increasing. Since the forum began, Amisitiasigps

have been decreasing. The specific actions taken to reduce these crasies stated.

The crash statistics for Ohio are shown according to severity in Tablays@a, 2003).
According to Ohio crash statistics there had not been one Amish horse-drawrfdiatityy

from 1999 through the publication of the article. It shows that there were no &slaésrin

2000 or 2001. Injury crashes were also reduced between 1999 and 2001. Property damage
crashes stayed steady and then increased slightly in 2001. The total beaghdscreased

as well after a fairly steady increase from 1997 to 1999 (Grayson, 2003). Figsiews a

more recent graph describing the number of buggy crashes in Ohio from 1997-200fhby cra
severity. This graph depicts an increase in horse-drawn buggy crashes from 2001-2004
followed by a decrease in 2005 and 2006. So although this forum may have indicated signs
of improvement over the course of the first five years, the trend was reversdasequent

years (Agricultural Safety and Health Progam, 2008).
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Table 1. Statistics for Amish Buggy Crashes in Ohio
(Grayson, 2003) .

1997 1998 1999 2000 2001
Fatal Crashes 2 4 3 0 0
Injury Crashes 68 63 91 68 54
Property Damage 84 73 67 67 71
Crashes
Total 154 140 161 135 125
Ohio Buggy Crashes 1997-2006
Source: Ohio Department of Public Safety
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Figure 13. Ohio Horse-Drawn Buggy Crash Statistics
(Agricultural Safety and Health Program, 2008)

Ohio has two of the largest Amish settlements in the United States. Ohio Gitatesity
Extension has coordinated safety programs for the Amish communities in Ohio. §his ha
been ongoing for the last thirteen years. These programs focus on mayyssags such as

roadway safety as well as other important issues.

The Agricultural Safety and Health Program with the Ohio State Univdtgignsion has
put together a website with the following recommendations for Amish buggynkigaitid

marking:
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“Lighting:

Animal-drawn vehicles should be equipped with a battery operated lighting
system or a generator powered lighting system. Batteries mapibal tstorage,
deep cycle or gel cell and should conform to SAE J537.

At least two headlamps, conforming to SAE J975, should be mounted
symmetrically about the vehicle centerline facing forward on the frohieof t
vehicle in a position which provides the least blockage from the drawing animal(s

At least two red tail lamps, conforming to SAE J585, should be mounted
symmetrically about the vehicle centerline on the rear of the vehicle avidelg
spaced laterally as practical and between .6 and 3 m (2 and 10 ft) high.

At least two flashing amber warning lamps conforming to SAE J974 should be
mounted symmetrically about the centerline and as widely spaced {aterall
practicable. They should be visible from front and rear, and mounted between 1 and
3.7 m (3.3 and 12 ft) high.

Optional turn signal system may be incorporated into the rear red tag @ntipe

flashing amber lamps. If they are incorporated into the flashing darbhes or

read tail lamps, the lamp that is positioned on the side of the turn should flash and the
lamp on the side away from the turn should go to steady burn.

Marking:
Marking for the rear of the vehicle should be 50mm by 230mm (2" by 9") strips
alternating between red retroreflective material and red orangedt@mtematerial.

The material should be used to outline the sides and top of the rear of the vehicle.
(See diagrams for examples.)

Where local culture prohibits the use of red and or red orange materials, white
retroreflective material with a minimum width of 25mm (1"), may be uged. |
white retroreflective material is used, two red reflex reflectoosilsl be mounted
symmetrically about the centerline as widely spaced laterallyaatiqable. (See
diagrams for examples)

Marking for the front of the vehicle should be 50mm by 230mm (2" by 9") strips of
yellow retroreflective material. At least 2 strips should be placed symoaily

about the centerline as widely spaced as practicable on the front of the machine.
(See diagrams for examples.)

Where local culture prohibits the use of yellow material, white retemtéfe
material with a minimum width of 25mm (1"), may be used.
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Marking for the side of the vehicle should be 50mm by 230mm (2" by 9") strips  of
yellow retroreflective material. A minimum of two strips should be syminadty

spaced and mounted along each side of the vehicle frame. If the  vehicle is
equipped with a tongue or shaft that is visible on the outside of the animal, an
additional yellow strip should be placed on it. (See diagrams for examples.)

Where local culture prohibits the use of yellow material, white retemtéfe
material with a minimum width of 25mm (1"), may be used.

Optional yellow or white retroreflective material may be atacto the harness or
to the animal's legs to enhance visibility.”

An SMV identification emblem conforming to ASAB S276 should be placed on the
rear of the vehicle. Diagrams for a buggy, wagon, and carriage view \oeregar

by the Agricultural Safety and Health Program and are shows in Ei@jdrel5, and
16.(Agricultural Safety and Health Program, 2008)
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Figure 14. Buggy View
(Agricultural Safety and Health Program, 2008)
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Wagon Views
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Figure 15. Wagon View
(Agricultural Safety and Health Program, 2008)



Carriage Views

Figure 16. Carriage View
(Agricultural Safety and Health Program, 2008)
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lowa Code Law

The lowa Code, which functions as the constitution for the State of lowa, dedbebe
current laws for SMVs. All-terrain vehicles are discussed in a ses@etien and then
grouped together with all other SMVs in other sections. The safety standaatigddorain
vehicles and off-road motorcycles exclusively are discussed first fdldy a discussion of

the safety standards for all SMVs, including all-terrain vehicles.

All-Terrain Vehicles and Off-Road Motorcycles

The information in this section contains law from the lowa Code on safety stafmfaatls
terrain vehicles.

321.234A All-terrain vehicle-highway use

1. All-terrain vehicles shall not be operated on a highway unlessromere

of the following conditions apply:

a. The operation is between sunrise and sunset and is incidental to the
vehicle's use for agricultural purposes.

b. The operation is incidental to the vehicle's use for the purpcaecéying

by a licensed engineer or land surveyor.

c. The all-terrain vehicle is operated by an employee or agentpofitzcal
subdivision or public utility for the purpose of construction or maintenance

or adjacent to the highway.

d. The all-terrain vehicle is operated by an employee or ageat miblic
agency as defined in section 34.1 for the purpose of providing emergency
services or rescue.

e. The all-terrain vehicle is operated for the purpose of mowing, lingfal
approved trail signs, or providing maintenance on a snowmobile @ralt
vehicle trail designated by the department of natural resources.

2. A person operating an all-terrain vehicle on a highway shall haxadid
driver's license and the vehicle shall be operated at spedustyfite miles

per hour or less.

3. An all-terrain vehicle that is owned by the owner of land adjate a
highway, other than an interstate road, may be operated by the ofner
all-terrain vehicle, or by a member of the owner's family, orptiréon of the
highway right-of-way that is between the shoulder of the roadoragt least

five feet from the edge of the roadway, and the owner's propedy A
person operating an all-terrain vehicle within the highway +aftway under

this subsection shall comply with the registration, safety, and age
requirements under chapter 3211 .
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4. A person convicted of a violation of this section is guilty of aptm
misdemeanor punishable as a scheduled violation under section 805.8A
subsection 3, paragraph' (2007 Merged lowa Code and Supplement —
321.234A, 2007).

3211.4 Registration - fee.

1. The owner of each all-terrain vehicle required to be registdratregister
it annually with the department through a county recorder. The degart
shall develop and maintain an electronic system for the regstrat all-
terrain vehicles pursuant to this chapter. The department shalligstarms
and procedures as necessary for the registration of all-terrain gehicle

2. The owner of the all-terrain vehicle shall file an applicattregistration
with the department through a county recorder in the manner estdblighe
the commission. The application shall be completed by the owner ahbeshal
accompanied by a fee of fifteen dollars and a writing fee asid®d in
section 3211.29 . An all-terrain vehicle shall not be registerethéycounty
recorder until the county recorder is presented with receipts,dfikale, or
other satisfactory evidence that the sales or use tax has b&kefop the
purchase of the all-terrain vehicle or that the owner is pk&mm paying the
tax. An all-terrain vehicle that has an expired registratiatificate from
another state may be registered in this state upon proper appligayment
of all applicable registration and writing fees, and paymentpainalty of five
dollars.

3. Upon receipt of the application in approved form accompanied by the
required fees, the county recorder shall issue to the applicagisration
certificate and registration decal. The registration dslkall be displayed on
the all-terrain vehicle as provided in section 3211.6 . The regwira
certificate shall be carried either in the all-terrain gkhor on the person of
the operator of the all-terrain vehicle when in use. The operaton aifla
terrain vehicle shall exhibit the registration certificaieatpeace officer upon
request, to a person injured in an accident involving an all-terrainl@gtoc
the owner or operator of another all-terrain vehicle or the ownenrsbpal or
real property when the all-terrain vehicle is involved in atc@saccident of
any nature with another all-terrain vehicle or the propertgnatther person,
or to the property owner or tenant when the all-terrain vehgléeing
operated on private property without permission from the property oovner
tenant (2007 Merged lowa Code and Supplement — 3211.4, 2007).

3211.10 Operation on roadways and highways - snowmobile trails.

1. A person shall not operate an all-terrain vehicle upon roadways or
highways except as provided in section 321.234A and this section.

2. A registered all-terrain vehicle may be operated on the roadofathat
portion of county highways designated by the county board of superfasors
such use during a specified period. The county board of supervisors shall
evaluate the traffic conditions on all county highways and designatiways
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on which all-terrain vehicles may be operated for the spdqifeziod without
unduly interfering with or constituting an undue hazard to conventional motor
vehicle traffic. Signs warning of the operation of all-terraehicles on the
roadway shall be placed and maintained on the portions of highway thus
designated during the period specified for the operation.

3. Cities may designate streets under the jurisdiction @fscwithin their
respective corporate limits which may be used for the spodriving all-
terrain vehicles.

4. All-terrain vehicles shall not be operated on snowmobile trails except where
designated by the controlling authority and the primary snowmolalé tr
sponsor.

5. The state department of transportation may issue a permgtate agency,

a county, or a city to allow an all-terrain vehicle traildmss a primary
highway. The trail crossing shall be part of an all-terraghicle trail
designated by the state agency, county, or city. A permikls@assued only

if the crossing can be accomplished in a safe manner and &loadequate
sight distance for both motorists and all-terrain vehicle operaiidre state
department of transportation may adopt rules to administer this csionse
(2007 Merged lowa Code and Supplement — 3211.10, 2007).

3211.13 Headlamp - tail lamp - brakes.

Every all-terrain vehicle operated during the hours of darknedisdssalay a
lighted headlamp and tail lamp. Every all-terrain vehicle shaledpgpped
with brakes (2007 Merged lowa Code and Supplement — 3211.13, 2007).

3211.21 Minors under twelve - supervision.

A person under twelve years of age shall not operate an ralirterehicle,
including an off-road motorcycle, on a designated riding area or @syn
riding trail or on ice unless one of the following applies:

1. The person is taking a prescribed safety training course angdhation is
under the direct supervision of a certified all-terrain vehicle safety imstruc

2. The operation is under the direct supervision of a responsible marent
guardian of at least eighteen years of age who is experiencatiterrain
vehicle operation or off-road motorcycle operation and who possessdid a v
driver's license as defined in section 321.1 (2007 Merged lowa Cutle a
Supplement — 3211.21, 2007).

3211.14 Unlawful operation.

1. A person shall not drive or operate an all-terrain vehicle:

a. At a rate of speed greater than reasonable or proper undexistihg
circumstances.

b. In a careless, reckless, or negligent manner so as to endangergbe or
property of another or to cause injury or damage thereto.

c. While under the influence of intoxicating liquor or narcotics or tabi
forming drugs.
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d. Without a lighted headlight and taillight from sunset to sunrise asdch

other times when conditions provide insufficient lighting to rendearlye
discernible persons and vehicles at a distance of five hundred feet ahead.

e. In any tree nursery or planting in a manner which damages toyges
growing stock.

f. On any public land, ice, or snow, in violation of official signstoé
commission prohibiting such operation in the interest of safety fiaops,
property, or the environment. Any officer appointed by the commissign ma
post an official sign in an emergency for the protection of persoopeny,

or the environment.

g. In any park, wildlife area, preserve, refuge, game manageanemt or any
portion of a meandered stream, or any portion of the bed of a nonme@dnde
stream which has been identified as a navigable stream ar byweule
adopted by the department and which is covered by water, except on
designated riding areas and designated riding trails. This pphadces not
prohibit the use of ford crossings of public roads or any otherdasksing
when used for agricultural purposes; the operation of construction vehicles
engaged in lawful construction, repair, or maintenance in a streambtus
operation of all-terrain vehicles on ice.

h. Upon an operating railroad right-of-way. An all-terrain vehicley nba
driven directly across a railroad right-of-way only at an ewstiabtl crossing

and, notwithstanding any other provisions of law, may, if necessaythas
improved portion of the established crossing after yielding to albromyg
traffic. This paragraph does not apply to a law enforcement officeailroad
employee in the lawful discharge of the officer's or emplsygeties or to an
employee of a utility with authority to enter upon the railragtitrof-way in

the lawful performance of the employee's duties.

2. A person shall not operate or ride an all-terrain vehicle witle@m in the
person's possession unless it is unloaded and enclosed in a caayig c
However, a nonambulatory person may carry an uncased and unloaded
firearm while operating or riding an all-terrain vehicle.

3. A person shall not operate an all-terrain vehicle with moreopgrsn the
vehicle than it was designed to carry.

4. A person shall not operate an off-road utility vehicle on a desigmating

area or designated riding trail unless the riding areaadri$ signed by the
department as open to off-road utility vehicle operation.

5. A person shall not operate a vehicle other than an all-terehiicle on a
designated riding area or designated riding trail unlessidhmgy area or trail

is signed by the department as open to such other use (2007 Merged lowa
Code and Supplement — 3211.14, 2007).

3211.9 Exempt vehicles.
Registration shall not be required for the following describedeal&in
vehicles:
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1. All-terrain vehicles owned and used by the United States, arst#ttey or a
political subdivision of another state.

2. All-terrain vehicles used in accordance with section 321.234A , sidrsect
1, paragrapha” .

3. All-terrain vehicles used exclusively as farm implements (2d@vged
lowa Code and Supplement — 3211.9, 2007).

SMV Safety Standards & Lighting

The following section includes lowa code that pertains to all vehicles that daepa

speed of greater than 35 mph.

321.381A Operation of low-speed vehicles.

A low-speed vehicle shall not be operated on a street with a ppsted kEmit
greater than thirty-five miles per hour. This section shall not pitoailow-
speed vehicle from crossing a street with a posted speedgliedter than
thirty-five miles per hour (2007 Merged lowa Code and Supplement —
321.381A, 2007).

321.383 Exceptions - slow vehicles identified.

1. This chapter with respect to equipment on vehicles does not apply to
implements of husbandry, road machinery, or bulk spreaders and other
fertilizer and chemical equipment defined as special mobile eguiyrexcept

as made applicable in this section. However, the movement of impkewient
husbandry on a roadway is subject to safety rules adopted bypgadgndent.

The safety rules shall prohibit the movement of any power uningpwiore

than one implement of husbandry from the manufacturer to the setst,

from the retail seller to the farm purchaser, or from the matwfr to the

farm purchaser.

2. When operated on a highway in this state at a speed of thitynfles per

hour or less, every farm tractor, or tractor with towed equipmseit;
propelled implement of husbandry, road construction or maintenance vehicle,
road grader, horse-drawn vehicle, or any other vehicle principally dedmmned
use off the highway and any such tractor, implement, vehicleadegwhen
manufactured for sale or sold at retail after December 31, 1971,bgha
identified with a reflective device in accordance with the staisdaf the
American society of agricultural engineers; however, this pi@vishall not
apply to such vehicles when traveling in an escorted paracde.pirson
operating a vehicle drawn by a horse or mule objects to usinfjeatine
device that complies with the standards of the American soaéty
agricultural engineers for religious reasons, the vehicle peaidentified by

an alternative reflective device that is in compliance wites adopted by the
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department. The reflective device or alternative reflectigeicg shall be
visible from the rear. A vehicle other than those specified insénision shall
not display a reflective device or an alternative reflectivgcge On vehicles
operating at speeds above thirty-five miles per hour, the tigedevice or
alternative reflective device shall be removed or hidden from view.

3. Garbage collection vehicles, when operated on the strebighways of
this state at speeds of thirty-five miles per hour or lessy digplay a
reflective device that complies with the standards of therfare society of
agricultural engineers. At speeds in excess of thirty-fiveesnger hour the
device shall not be visible (2007 Merged lowa Code and Supplement —
321.383, 2007).

321.384 When lighted lamps required.

1. Every motor vehicle upon a highway within the state, at any fiome
sunset to sunrise, and at such other times when conditions such as fag, snow
sleet, or rain provide insufficient lighting to render clearlscdrnible persons

and vehicles on the highway at a distance of five hundred feet ahedd, shal
display lighted head lamps as provided in section 321.415 , subject to
exceptions with respect to parked vehicles as hereinafter stated.

2. Whenever requirement is hereinafter declared as to the distamce/hich
certain lamps and devices shall render objects visible ornmthich such
lamps or devices shall be visible, said provisions shall apply dtirengmes
stated in subsection 1 of this section upon a straight level unligrgbd/dny
under normal atmospheric conditions unless a different time or condition i
expressly stated (2007 Merged lowa Code and Supplement — 321.384, 2007).

321.398 Lamps on other vehicles and equipment.

All vehicles, including animal-drawn vehicles and including tho$ermed to

in section 321.383 not hereinbefore specifically required to be equipped with
lamps, shall at the times specified in section 321.384 be equipped Vadsat
one lighted lamp or lantern exhibiting a white light visible fromiistance of

five hundred feet to the front of such vehicle and, except for aniraalrdr
vehicles, with a lamp or lantern exhibiting a red light visibtenf a distance

of five hundred feet to the rear. Animal-drawn vehicles shadidugpped with

a flashing amber light visible from a distance of five hundredtte#te rear

of the vehicle during the time specified in section 321.384 (2007 Merged lowa
Code and Supplement — 321.398, 2007).

Licensing Requirements

Drivers of farm vehicles, construction/maintenance vehicles, and r@irterehicles must
have an lowa Driver’s License to operate on the highway. In order to drive a moper dri
are able to obtain a moped license at 14 years of age or older. Teen drivers need to ha
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parental consent, and pass a vision and a knowledge exam. Teens under 16 yeamusf ag
also undergo an approved moped education course. Once the drivers become 18 years old
and have a valid driver’s license, they are not required to complete any additemsihg
requirements. Electric- or gas-powered scooters are not allowed on the publiayhighw
system. Scooters that are two-wheeled motor vehicles with step-thraugsfare

considered a type of motorcycle and are allowed to be driven following the same
requirements for operating a motorcycle. There are no licensing requatsefoeoperators

of a horse-drawn buggy that were found (DMV.org, 2008).

This section analyzed statistics involving SMVs and then proceeded to discussé¢hé c
practices involving SMV laws throughout the United States. There is much irgriadtine
definition of a SMV as well as the requirements for safety features on SM\fs stggests
a need for further research to determine the most effective stratediasational standard
for safety requirements. The literature review discussed the difesém current laws. The
next section will provide an analysis of three years of crash data involving 8Mbwa.
This will help gain insight into the shared characteristics of these crastiesill provide

specific areas or problems on which to focus and find solutions.
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CHAPTER 3: Characteristics of Slow-Moving Vehicle Crashes in lowa

This section discusses some of the characteristics of slow moving vehidesin
Descriptive statistics were used to understand the common charactef$SielV crashes.

Crash data from 2004 to 2006 in lowa were used to evaluate crashes by vehicle typ

Methodology

SMV crash data in lowa from 2004-2006 were gathered and analyzed fomdixaioan
crashes. Rural is defined as being 1 or more miles outside corporate city Esundary
crashes with an unknown crash location were sorted out and not included in either the urban
or rural crash analysis. A map of rural and urban crashes involving SMVs can be found in
Appendix A. The lowa crash database has a vehicle configuration category for
construction/maintenance vehicles, farm vehicles, and moped/all-terrainegehitiese
crashes were extracted from the database and put into excel and Art#bi&da. Horse-
drawn buggies are not identified specifically in the lowa crash dataidsey are indicated

as “unknown,” “not reported,” or “other.” The narratives for rural crashesvimgphorse-
drawn buggies as well as other types of SMVs where the type of vehicladicged as
“unknown,” “not reported,” or “other,” were extracted to determine what tgpeshicles

were involved. Some farm vehicles, construction/maintenance vehicles, and rtoped/a
terrain vehicle crashes were found in these three categories as they wwaigimally

recorded in the proper vehicle configuration category and where marked as unknown, not
reported, or other. Other vehicles that may be considered SMVs such as pealgcles
wheelchairs, snowmobiles, scooters, lawn mowers, golf carts, floats,tgpetidrrockets,

and gators were also found only in these three categories through the cratbheramalysis.

Vehicle types for these nonspecific vehicle configuration category sragre determined
for each crash record based on the make and model of the vehicle and also the niarrative.
many instances, the make and model were both recorded, but the vehicle configuration was

marked as “unknown,” “not reported,” or “other.” Analyzing the narrative allowed
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confirmation of the vehicle type. For instance, many crashes involving a harge-ouggy
will have horse-drawn buggy recorded for the model of vehicle. Horse-drawn ouagines
that did not have the model recorded were referred to in the narrative sectiocrasthe

report.

Crash records for farm vehicles that were not marked as such in the vehidje@iitn
category were determined to be so by analyzing the make and model of the arathicle
determining the type of vehicle from that information as well as the naarafihe vehicles
found in the crash narratives that were determined to be farm vehiclesdédettne vehicle

as either a “tractor” or “combine” in the description.

Crash records for construction and maintenance vehicles that were notdexosieh in
the specific construction and maintenance vehicle configuration categoeymwostly found
in the narrative descriptions. The types of vehicles specifically stataghsn the narrative
that were determined to be construction or maintenance vehicle crashesdnfdudefts,

road graders, snow plows, street sweepers, construction vehicles, and end loader

The mopeds and all-terrain vehicles were always referred to speyificéle crash
narrative. The following crash descriptions were found in the crash narratigeésose
crashes were gathered out and included with the moped/all-terrain vehictgication

category: electric scooter, motorized scooter, and ATV.

Bicycles were always referred to in the crash narrative as eitheke” or “bicycle.” The
bicycle was sometimes included as the model of vehicle. The other types ofvshich as
electric wheelchairs, snowmobiles, scooters, lawn mowers, golf ftadts, go-carts, dirt
rockets, and gators were stated specifically in the crash narrativeeaadhen determined to

be another type of SMV by definition of being unable to keep speeds of over 25 mph.

All crashes gathered from the crash narratives were recorded gyetific vehicle type.

Since the farm vehicles, construction/maintenance vehicles, and mopedéailtehicles
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each had a separate vehicle configuration category, the crashes thatoasded as such

under the vehicle configuration category could be queried out of the database and added to
the additional crashes found from the crash narrative analysis in the logfa[@atabase.

The other vehicle types did not have a separate vehicle configuration categoryand we
found only through the crash narrative analysis in the lowa Crash Databée 2 Shows

the number of each vehicle type found for each year using the crash narratiste svests
recorded as “other,” “not recorded,” or “unknown” vehicle configuration. Table 3sstimv
number of crashes for farm vehicles, construction/maintenance vehicles, ardiattope

terrain vehicles that were recorded as such in the vehicle configuratigorgadé the crash
report. Table 4 shows the total number of SMV crashes (rural and urban) includiaggthe d

gathered from the crash narratives and the data from the crash reports.

Table 2. Crashes Involving SMVs from Crash Narratives

Year | Horse- Farm Construction/ Moped/ATV Bicycle OtherTotal
Drawn Vehicle Maintenance

Buggy

2004 7 4 31 10 56
2005 6 11 35 16 74

2 2

3 3
2006 5 3 0 4 44 13 69
Total 18 8 15 9 110 39 199

Table 3. Crashes Involving SMVs from Vehicle Configration

Year | Horse- Farm Construction/ Moped/ATV Bicycle OtherTotal
Drawn Vehicle Maintenance

Bugay
2004 0 201 96 116 0 0 413
2005 0 189 70 129 0 0 388
2006 0 196 49 107 0 0 352
Total 0 586 215 352 0 0 1253

Table 4. Total Crashes Involving SMVs

Year | Horse- Farm  Construction/ Moped/ATV Bicycle OtherTotal
Drawn Vehicle Maintenance

Buggy
2004 7 203 100 118 31 10 469
2005 6 192 81 132 35 16 462
2006 5 199 49 111 44 13 421

Total 18 594 230 361 110 39 1352
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Crashes were also spatially located in ArcView GIS 3.3 to evaluate location the state
of lowa. A map of all crashes involving SMVs can be found in Appendix A for each of the

three years as well as a combined map for all three years.

The United States Naval Observatory was used to determine the appropviai@ndadusk

times for each crash. The hours before sunrise and after sunset were usatnioee

nighttime crashes for the SMVs. The sunset and sunrise times were usedatesepar

nighttime and daytime crashes. The U.S. Naval Observatory gives times fse suna

sunset for each city in the U.S. for each day of each year. An lowa esstigpoint at

State Center, IA, was used to determine a common location for each craslarhgithé

15" of each month was used to determine the sunrise and sunsets to compare with the times

of all crashes within the month.

SMV Crash Analysis

The focus of this research was on rural crashes, so only the types of vehicles othatchav
expected to be encountered in a rural setting were included in the analysis. [ldssinc
farm vehicles, horse-drawn buggies, construction/maintenance vehicles, and aibpeds/
terrain vehicles. The majority of bicycle crashes in lowa occur in urbas @@@ urban
versus 8 rural statewide over the 3-year analysis period), and were thamforeuded in
the analysis. Certain construction and maintenance vehicles are able tomzasygeed of
over 25 mph, however there is only a single category for construction/mainteeficies/
in the lowa crash database, so they were analyzed together. Mopedstamdialirehicles
are also combined in a single vehicle configuration category in the lash database and
were also analyzed as a single group.

After the data were placed into the ArcGIS database, an analysis waetsahgrl the crash
characteristics. Each year was analyzed separately accordutgltoural, and urban
crashes as well as the totals over the three year period from 2004 to 2006. A descriptive

statistical analysis was made looking at different crash charaictemluding: location,
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crash severity, time of day, time of year, surface conditions, speed liajit; cause,
crash/collision manner, driver age, responsibility of crash/collision, multghiecle crashes,
and responsibility of multiple vehicle crashes. The table showing all criasloega over the
three year period as well as the tables for total and rural crasheb®veree year period
sorted by the different crash characteristics can be found in Appendix B. Tios st
first briefly discuss the total crash trends and then show rural crash aemasl as an

analysis of the different rural crash characteristics.

SMV crashes in the state of lowa have experienced a downward trend over tlyednree
period from 2004-2006. Table $ shows the total number of crashes involving one or more
SMV(s). This table includes both rural and urban crashes for only the vehiclehgpesre
included in the SMV analysis. Farm vehicle crashes are the most promirteatovind 200
crashes per year, followed by moped/all-terrain vehicles with an aveirdge per year,

then construction/maintenance vehicle crashes with just under 60 crashear pange

finally horse-drawn buggy crashes with an average of 6 per year.

Table 5. Total Crashes

Year Horse-Drawn Farm  Construction/Maintenance  Moped/ATV Total
Buggy

2004 7 203 100 118 428

2005 6 192 81 132 411

2006 5 199 49 111 364

Total 18 594 230 361 1203

The total SMV crashes has decreased each year, however, the individual typsses

have not experienced this same trend. Though not significant due to the low number of
crashes, horse-drawn buggy crashes have decreased by one crash geampearashes

decreased from 203 crashes in 2004 to 192 crashes in 2005 and then increased again in 2006
up to 199 crashes. Construction/maintenance vehicle crashes have decreasezhtiyamati

over the three year period from 100 crashes in 2004, down to 81 crashes in 2005, and then to
49 crashes in 2006. Moped/all-terrain vehicle crashes increased from 118 cr&@tto

132 crashes in 2005 and then decreased down to 111 crashes in 2006.
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Rural Crash Analysis

Table 6 shows the number of crashes involving one or more SMV(s) in a rural anehragcc
to crash type. Rural crashes followed a similar ranking order as totaésnagh farm
vehicle crashes being most frequent, followed by moped/all-terrain v&hicle

construction/maintenance vehicles, and then horse-drawn buggy crashes.

Table 6. Rural SMV Crashes

Year Horse-Drawn Farm  Construction/Maintenance  Moped/ATV Total
Buggy

2004 5 135 22 41 203

2005 3 111 26 43 183

2006 2 136 14 36 188

Total 10 382 62 120 574

The total crashes decreased from 203 crashes in 2004 to 183 crashes in 2005 and then
increased up to 188 crashes in 2008. This trend is dissimilar to the trend with rural and urban
SMV crashes combined. The only downward trend for any type of crash is the fawse-dr
buggy. These crashes decreased from 5 crashes in 2004 to 3 crashes in 2005 and then to 2
crashes in 2006. Farm vehicles, construction/maintenance, and moped/all-témices &l

experienced a staggered trend over the three year period.

Crash Severity

Crash severity numbers were recorded for each type of crash in each oféhgetrse

Rural fatalities are shown in Table 7. The total fatalities have staggernethevkree year
period with no significant increases or decreases. The percentages i@l @itashes
resulting in a fatality in each respective year were calculatécee shown in Table 8. From
the analysis, 5.4% of all rural crashes involving at least one SMV resulted aistabhe
fatality. Farm vehicle fatalities have the highest total number of sdshewed by
moped/ATV. No measure of exposure was available by vehicle type so crastutdtaot
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be determined. Fatal crashes make up 9.2% of moped/ATV crashes compared with 4.7% for

farm vehicles.

Table 7. Rural Fatalities

Year Horse-Drawn Farm  Construction/Maintenance  Moped/ATV Total

Buggy
2004 0 7 1 4 12
2005 0 4 0 4 8
2006 0 7 1 3 11
Total 0 18 2 11 31

Table 8. Percentage of Rural Crashes as Fatalities

Year Horse-Drawn Farm  Construction/Maintenance ~ Moped/ATV Total

Bugay
2004 0% 5.19% 4.55% 9.76% 5.91%
2005 0% 3.60% 0% 9.30% 4.37%
2006 0% 5.15% 7.14% 8.33% 5.85%
Total 0% 4.71% 3.23% 9.17% 5.40%

A thematic map was prepared with the SMV crashes throughout the stateaofTaw map
can be found in Figure 17. In this map, the background shows a graduated color system
depicting the number of injury crashes in each county. The farm vehicle andiresse
buggy fatal crashes were overlain on the map to show severe crash locataaslidl not
have any horse-drawn buggy fatal crashes during the three year period, so hbadouihd

on the map.

A thematic map with a graduated background depicting rural crashes from 2004-2006
involving SMVs is shown in Figure 18. On this map are the locations of all cneshdisng
in an injury or fatality shown with blue and red circles, respectively. Kos3otinty had a
high number of rural crashes, two of them were fatal and three resulted in an injury.
Johnson, Sioux and Clayton counties were all in the highest category for rivatr@shes,
one of which resulted in a fatality for each county. Sac County and Story Countywiege i
second highest category in terms of total rural crashes while still exgpiagawo fatalities

in each county. Perhaps an alarming statistic comes from Carroll Countyabiasl County
which were in the second lowest category in terms of total rural crashes with43caashes,

respectively. Of those crashes, two resulted in a fatality for each couelgwdde County
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was in the second highest category of total rural SMV crashes, but a largetpge resulted

in injuries as well as one fatality.

In order to better understand the characteristics of the individual vehiclenithesspect to
location, separate maps were made for horse-drawn buggies, farmsehicle
construction/maintenance vehicles, and moped/all-terrain vehicles. Thesesahe the
predominant vehicle types involved in SMV crashes in a rural setting. Figuresalt8-22

thematic maps of rural crash severity in lowa specified by vehicle type.
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Fatal and Injury Crashes Involving SMVs
in the Past Three Years
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Night vs. Day

Night-to-day crash ratios were calculated for each type of vedscéefunction of all rural
crashes. Night crashes were defined as any crash occurring hefiose ®r after sunset.
The United States Naval Observatory was used for the sunrise and sunsasttassribed
in the Methodology section. Figure 23 shows the rural night-to-day crash ratezscfor
vehicle type over the three-year period from 2004 to 2006. The total night-to-dayatiash r
for all vehicle types is 0.277. Horse-drawn buggy vehicles have the highest ratibtof
crashes relative to the day crashes at 0.667. Moped/ATVs represent the sglcesidratio,
followed by farm vehicles, and then construction/maintenance vehicles. The chart
demonstrates the majority of rural crashes involving all SMVs occur duryjtgnegahours as
none of the night-to-day ratios is greater than one. However, consideringhtaognt of
traffic volume during daytime hours, ratios of less than one are still indicztivighttime

and darkness issues.
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Figure 23. Rural Night-to-Day Crash Ratio
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More specifically, the crashes were analyzed according to peak hours. The KNhpea

was defined as crashes occurring between the hours of 7:00 and 9:00 a.m., migday off-

was the period from 11:00 a.m. to 1:00 p.m., while PM Peak period was defined as 4:00 p.m.
and 6:00 p.m. Figure 24 shows the number of rural crashes for each vehicle type over the
three year period during each peak and off-peak period. More crashikvébice types
occurred during the PM peak period and midday off-peak than in the AM peak period.
Midday off-peak was the prominent peak period for farm vehicle crashes. Morescrashe
involving moped/all-terrain vehicles occurred during the PM peak period than in the AM
peak period or midday off-peak. Alternatively, more of the crashes involving

construction/maintenance vehicles occurred during the AM peak period than the PM pea

period.
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Figure 24. Rural Peak Hour Crashes
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Time of Year

Rural crashes involving at least one SMV were analyzed by month. Figure 25 stimavs a
describing this data for each type of vehicle over the three-year analyscs pehe majority

of rural farm vehicle crashes occurred during the month of October, which is Harivest

season. November and September follow with the next highest crash volumesivedgpect

July and June are the most prominent months for rural moped/all-terrain vehickscrash
followed by May and October. Construction/maintenance vehicle crashes occur more
frequently in September and August than during any other month. January and August
appear to be the most common months for horse-drawn buggy crashes, though there are not

many observances for each month to support that conclusion.
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Figure 25. Rural Crashes by Month



Speed Limit

The speed limits of the roads on which the crashes involving one or more SMVs took place
were then analyzed. Figure 26 shows the speed limit for each crash involving anéeas

SMV according to vehicle type. The speed limit is defined for the road on which tfie SM
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was traveling. The most common speed limit for all vehicle types was #ed550 mph

range. The second most common speed limit range is 45 or 50 mph, followed by the

unknown category, 65 mph and over segment, 35 and 40 mph, 25 and 30 mph, and below 25

mph segments, respectively.

450

Number of Crashes

Rural Slow-Moving Vehicle Crashes by Speed Limit
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Figure 26. Rural Crashes by Speed Limit

Manner of Crash/Collision

Figures 27-30 show the manner of collision for all crashes involving eachft@dé\bover
the three year period of 2004-2006. The most common manner of collision for ruragcrashe

involving a horse-drawn buggy was the rear-end collision at 40%. Broadside was hext wit
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30% followed by sideswipe, same direction, head-on collisions, and angle, oncoming left
turn all at 10%. The most common manner of collision for rural crashes involving a farm
vehicle was the rear-end crash at 27%. Sideswipe, same direction wast tmeste

common collision at 23%, followed by non-collision at 19%, broadside at 12%, swideswipe,
opposite direction at 9%, angle, oncoming left turn at 5%, head-on at 3%, and unknown and
not reported both at 1%. The most common manner of collision for
construction/maintenance vehicles was the rear-end collision at 34% followett&yipe,

same direction at 19%, non-collision and broadside at 13%, head-on at 10%, sideswipe,
opposite direction at 6%, unknown at 3%, and not reported at 2%. The most common
manner of collision for crashes involving moped/all-terrain vehicles wasolbsian at

52%. Broadside was next at 14% followed by rear-end at 13%, head-on and sidesmape, sa
direction at 7%, angle, oncoming left turn and sideswipe, opposite direction at 3%, and 1%

not reported.
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Figure 27. Rural Horse-Drawn Buggy Crashes by Manrreof Collision
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Figure 28. Rural Farm Vehicle Crashes by Manner ofCollision
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Figure 29. Rural Construction/Maintenance VehicleCrashes by Manner of Collision
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Figure 30. Rural Moped/ATV Crashes by Manner of Cdlision

Vehicle Action

The actions of the vehicles were analyzed to determine commonality of movéonehes
specific vehicle types of SMVs. Figures 31-34 display charts describingevektion
during the crashes for each type of SMV in the analysis along with thenfzegeef rural
crashes corresponding to each action. The horse-drawn buggies were movitigllgsse
straight or were not reported in the majority of the rural crashes. Fednicles were
moving essentially straight in over half of the rural crashes in which theyinvelged.
Farm vehicles were turning left in 30% of the rural crashes in which they nveiged.
Construction/maintenance vehicles were moving essentially straight lagaghan two-
thirds of the rural crashes in which they were involved. They were also turniagdeft
backing in 11% each of the crashes in which they were involved. Moped/ATVs were

moving essentially straight in 63% of the rural crashes in which they were involved. The
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were turning left in 8% of the rural crashes and turning right and slowing/stpiopb%
each of the rural crashes in which they were involved.
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Figure 31. Rural Horse-Drawn Buggy Crash Vehicle Ation
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Figure 32. Rural Farm Vehicle Crash Vehicle Action
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Driver Age

Driver age was another characteristic specific to the SMV that wagadal Figures 35-38
display crashes involving each type of SMV according to the age of the driver of the SMV.
When the age of the driver was known, the most common age group for rural horse-drawn
buggy crashes was the 15-20 age group. Farm vehicles driven by persons betages the
of 45 and 54, which was the most common age group, represented 21% of the rural farm
vehicle crashes. Only 17% of the farm vehicle crashes involved drivers under thedge of
Over half of the crashes involved a driver over the age of 45. Over half of the rural
construction/maintenance vehicle crashes involved drivers in the 45-55 age group. Only
26% of the drivers were under the age of 45. The age group most common for rural
moped/ATV crashes was 15-20 at 28% of all crashes. Almost 60% of the drivers were unde
the age of 24. Also, 17% of the rural moped/ATVs involved in crashes were driven by

teenagers under the age of 15.

15-20

Unknown 21-24
50% 10%
25-34
10%
45-54
10%

Figure 35. Rural Horse-Drawn Buggy Crashes by Drigr Age
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Figure 36. Rural Farm Vehicle Crashes by Driver Ag
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Figure 37. Rural Construction/Maintenance Vehicle Cashes by Driver Age
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Figure 38. Rural Moped/ATV Crashes by Driver Age

Major Cause

Another factor analyzed was major cause of the collision. Within the loashCratabase
there are 44 different major cause categories. The major cause ekefreilcontributing
circumstance from any vehicle involved in the crash that was the major catise ¢oash.

This means that the SMV involved in the crash may or may not have been the major
contributor to the cause of the crash. Figure 39 displays a chart describingettentliff

causes for horse-drawn buggy crashes. Animal was the most common cause at 30%,
followed by vision obstructed at 20%, and lost control, ran off road to the right, swerving or
evasive action, followed to close, and failed to yield the right of way from a gtopvkich
accounted for the causes of 10% of the rural crashes involving a horse-drawndlggine
many cases, the animal(s) the report is referring to as the majerfoatise crash is the

horse(s) pulling the buggy.
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The major causes for rural crashes involving farm vehicles spanned acrodsr@hif
categories. Figure 40 shows the most common causes with the smallesbgescgrmuped
into the “other” category while leaving the more common major cause c&e@gsri
percentages as separate categories. The most common major causeaf tmiliee farm
vehicles was “swerving/evasive” action at 14%, followed by “other: imprag#on” at
13%, “failed to yield right of way” at 9%, “ran off road - right” at 7%, and “otin®
improper action” at 6%.

The same method was used to analyze major cause for construction/maintenates. vehi
The top eight causes were used as separate categories and the remgEgorges were
grouped into one category titled “other.” Figure 41 shows a chart deschieimggjor

causes of crashes involving construction/maintenance vehicles. Next tohie taitegory,
the most common major cause of collisions were “failed to yield right of ethgr” and
“other: no improper action” both at 13% each, followed by “driving too fast for conditions”
at 11%.

The same method was used to analyze major cause for rural moped/all-ter@en vehi
crashes. The top seven causes were listed separately while thengroairses were
grouped into the “other” category. Figure 42 shows the different major causdisrtwal
crashes involving moped/all-terrain vehicles. The most common major causksadrcol
was “swerving or evasive action” at 13% of the moped/ATV crashes. “Opgthdrvehicle
in an erratic, reckless, careless, negligent, or aggressive manner” wasl@€t éollowed
by “failed to yield the right of way: from driveway” at 9%, “driving too fast ¢éonditions”

at 8%, “animal” and “traveling wrong way or on wrong side of the road” both at 6%, and
“losing control” at 5%. Twenty-one other causes of collision were recorded, bualivere

under 5% of the rural moped/all-terrain vehicle crashes.
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Responsibility of Crash

Responsibility of the crashes was determined by matching the major catlse doash with

the contributing circumstances or sequence of events for the individual vehicle. Bhe maj
cause derivation used by the lowa Department of Transportation was usedongetiee
contributing circumstance or sequence of events that were mainly respémsthiemajor

cause of the crash. Figure 43 depicts all SMV crashes and rural SMV crashezhithehi
cause of the crash was known where the responsibility lies more with the SM&htha

other vehicle involved in the crash. Overall, the responsibility for just fewe6d# of

both the total and rural crashes lies with the SMV involved in the crash. The drivegs of th
moped/all-terrain vehicles were most likely to have contributed to over 908¢ aidiral
moped/ATV crashes while they were responsible for just over 80% of the talaésraThe
drivers of horse-drawn buggies were most likely to have contributed to over 60% of the total
crashes in which they were involved while they were responsible for half of 8fesra
involving horse-drawn buggies in a rural setting. Drivers of farm vehietes most likely

to have contributed to about half of the total and rural crashes in which there were involved.
Drivers of construction/maintenance vehicles were most likely to haveladatt to over

half of the crashes involving construction/maintenance vehicles, while jusb#tbis

crashes in which they were involved in a rural setting.

Figure 44 shows a similar bar chart, this time depicting the percenttigetotal and rural
multiple vehicle crashes involving at least one SMV where the cause of the asghawn
and the SMV was more responsible for the crash than any other vehicle. Removing the
single vehicle crashes allows for a better analysis of the percentagalarashes in which
the responsibility for the crash could lie with another vehicle, but rather illeshg SMV.
Overall, just fewer than 50% of the multiple vehicle crashes and rural srasioéving at
least one SMV resulted in more of a contribution to the crash by the SMV tharhany ot
vehicle. Moped/all-terrain vehicles were most likely to have contributed to timeme80%

of rural multiple vehicle crashes in which they were involved while they west likely to
have contributed to fewer than 70% of the total multiple vehicle crashes involving a

moped/all-terrain vehicle. Over 60% of the total multiple vehicle craskes/ing a horse-
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drawn buggy involved more of a contribution of the horse-drawn buggy than any other
vehicle involved in the crash, while they were most likely to have contributed to hiadf of t
rural multiple vehicle crashes. Construction/maintenance vehicles werdikalysto have
contributed to just under half of the total multiple vehicle crashes in which they were
involved, while they were most likely to have contributed to fewer than 35% of the rura
multiple vehicle crashes involving construction/maintenance vehicles. Farnegehere
most likely to have contributed to just over 40% of the total multiple vehicle crasties a

rural multiple vehicle crashes in which they were involved.
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Figure 43. Percentage of all SMV Crashes with SMYResponsibility
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M ultiple Vehicle Crashes with SMV Responsibility

90.0%
80.0%
70.0%
60.0% - . .
50.0% @Total M ultiple Vehicle Crashes

40.0% A WRural M ultiple Vehicle Crashesg
30.0% -
20.0% A
10.0% A

Percent

Farm
Moped/ATV
Total

Horse & Buggy

Vehicle Type

Figure 44. Percentage of Multiple Vehicle Crashesith SMV Responsibility

Crash Analysis Summary of Findings

Around 200 rural crashes involving SMVs occurred each year from 2004 to 2006. Farm
vehicles were involved in well over half of these crashes each year, fdllmwe
moped/ATVs, construction/maintenance vehicles, and then horse-drawn buggies. A
staggering crash trend was found over the three year period for all four vgpede t
Moped/all-terrain vehicles had the highest percentage of crashes resudiifagality at just
fewer than ten percent. Horse-drawn buggies had a high night-to-day crast €e667.

The most common month for farm vehicle crashes was October representing ovehé/4 of
total crashes throughout the year. The most common manner of collision for fawse-d
buggies, farm vehicles, and construction/maintenance vehicles was the reatisiot col
while the non-collision was the dominant manner of crash for the moped/alhitestacles

representing over half of the total rural crashes.
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All four vehicle types were moving essentially straight prior to collisioa majority of the

rural crashes in which they were involved. Farm vehicles were turning @96 of the

rural crashes in which they were involved. Construction/maintenance vehicks,dnawn
buggies, and moped/ATVs were turning left in 11%, 10%, and 8%, respectively, of the rural

crashes in which they were involved.

The drivers of moped/ATVs were under the age of 24 in just fewer than 60% of all rural
crashes involving moped/ATVs (17% were under the age of 15). Rural farm veimdles
construction/maintenance vehicle crashes typically involved older dav@dso and 55%,
respectively. Most of the crashes involving horse-drawn buggies had drivers with unknown
ages. However, the age group that was most common was 15-20 at 20% (2 crashes) of the

rural crashes involving horse-drawn buggies.

Animals were the most common cause for the horse-drawn buggy crashes indicatosg
cases a reaction by the horses that resulted in a crash. Swerving/acéien was the most
common cause for crashes involving farm vehicles. The most common cause of
construction/maintenance vehicle crashes in a rural setting was fitorg faiyield the right

of way. The most common cause for moped/ATV crashes was swerving or evasive act

SMVs were most likely to have contributed to just under half of the rural multipleleehic
SMV crashes. Moped-ATVs were most likely to have contributed to fewer than 706 of a
rural multiple vehicle crashes involving a moped/ATV. Half of the rural home+dbuggy
multiple vehicle crashes involved more of a contribution to the crash by the horse-drawn
buggy than any other vehicle involved in the crash. Construction/maintenance vebhrees w
most likely to have contributed to fewer than 35% of the rural multiple vehicle srdshe
were involved in. Farm vehicles were most likely to have contributed to over 40% of the

rural multiple vehicle crashes in which they were involved.
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CHAPTER 4: FARM VEHICLE CRASH SEVERITY MODEL

In order to better understand the factors that are related to severity of faohe ¢eashes, a
statistical analysis was conducted. Modeling the data and understandirfgatdrat
influence the crash severity of farm vehicle crashes will allow us tadgatifying the types
of situations in which further countermeasures are needed to lower crash séaarity.
vehicle crashes were the most common type of SMV crash in lowa as daetipsr the
crash analysis in this thesis. Also, countermeasures can only be determieachdexstand
why and how crashes are occurring in the first place. Initially, thetintas to model all
slow-moving vehicles. However, sample sizes were low for several typesoingving
vehicles so it would be difficult to determine statistical significanckso,Ahe intent was to
model crashes in a rural environment so only those vehicles where crasimes oc
predominantly in a rural environment were considered for crash modeling. dtavse-
buggies were involved in 21 crashes over the three year period, which was not adagie e
sample size to model with confidence, so they were not modeled. Bicycles haa too fe
crashes in a rural setting which is the environment considered in this thesis, andréus
not chosen to be modeled. Construction/maintenance vehicles had a lot of vamathkty i
types of vehicles involved in crashes. This category included both construction and
maintenance vehicles and many different types of these vehicles withined@cle
category. This category could also include vehicles that are not slow-movingsssratva
plows. The vehicles in the moped/all-terrain vehicle category follow a sisuiwith a lot
of variability between the types of vehicles, though not necessarily much vgyiabihe
sizes of the vehicles, included in the category. Since mopeds and all-terralas/ean be
used for completely different purposes, the variability amongst the typeasbies would be
great. For instance, all-terrain vehicles are often times used for nenotepurposes,
farming purposes, as well as recreational use. Mopeds are usually usaddpoitation
purposes only. Farm vehicles normally include vehicles only used for farm purpbsds, w
include tractors and combines. The tractors can be used by themselves or with touni
such as a plow, planter, or wagon. The types of vehicles were assumed to hawve simila
properties and could be modeled with accuracy. Farm vehicles are predomisedtiy a
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rural environment, so they were a primary choice for modeling. Also, simevédricles
were the most predominant crash occurring during the three year period, it mayebe
important to better understand the factors influencing crash severity of farclesehan the

other types of SMVs involved in less frequent crashes.

Farm vehicle crash severity was modeled for lowa using the lowa &3 database.
Crashes that involved at least one vehicle which was indicated in the crash dataiask
narrative as being a farm vehicle were extracted from the databaseci#ed variables for
each crash were also extracted. The analysis included crash data frorn 2008.t These
variables include crash type, location of crash, major cause, number of vehiclesdnvol
events involved in contributing to the crash, as well as other information about theespecif
vehicles involved in the crash and the drivers of those vehicles involved in the crash. The
specific variables that were used in the models within this thesis are ddsaribable 10.

The complete list of variables along with their descriptions is shown in Appendix C.

Data were incorporated into a database which would be used in the statiskegjepa
Limdep which was used to create the model. There were a total of 69 variablesinged i
models. When the data are read into the Limdep database, the progoas @ash variable
an identification number. For instance, the first variable read into the datadmseport
type and was assigned x1. Each sequential variable after that wasdchasigmereasing
value (x2, x3, x4, etc...). Once the variables were entered into the program, otl#esaria
could be created using those initial variables. Another thirteen variable<rgated from
the given data and assigned names. These variables are listed at the bdteovaélble

list in Appendix C. Explanations as to how each variable was calculated and what they

represent can be found in the variable list in Appendix C as well.

Crash severity was the dependent variable used in the modeling procedure. Since this
variable includes discrete ordered outcomes, the ordered logit or the orderédnpictedi
could be used to model the data. In this thesis, the ordered probit model was used. The

ordered probit model Model will produce an equation in form of:
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Z =0 +B1x1 +p2x2 +B3x3 + ....B()x(i)

Y=0 if z<0

Y=1 if 0<z<ul

Y=2 if pl<z<p2

Y=3 if u2<z [4-1]
B: coefficient
X: each independent variable used in the equation

ul andu2: threshold values

The crash severity variable was initially assigned the value x19 by Limldep it was read
into the program’s database. The possible outcomes came from the lowa BT cra
database and were as follows; 1: fatality, 2: major injury, 3: minor injury, 4:
possible/unknown injury, 5: property damage only. In order to put the data in a format
Limdep can use for the ordered probit model, the outcomes needed to be converted to
indicator variables, which have values beginning with 0 and increasing witkennvages.

In order to adjust the crash severity variable, a new variable was crakbded c

“SEVERITY.” Since the ordered probit models require that the outcomes be in order, the
severity outcomes were ordered to increase with increasing seveoperfyrdamage only
was the lowest possible crash severity outcome, so it was assigned the 0 value.
Possible/unknown injuries had too few occurrences to be modeled as a separaitg. categ
For this reason, those crashes needed to be included with another outcome for cragh severit
Possible/unknown injuries are most similar in terms of severity to the minoes)jso those
crashes were added together and assigned the 1 outcome value for the SEV&RIGE.
Major injuries and fatality crashes were the highest severityesabht separately
represented under 10% of the crashes in the multiple and single vehicle cragbksasishe
urban and rural crashes. For this reason, the two severities were groupeer togeia

single category. They were assigned a 2 value. Table 9 shows theservaltase format.

Table 10 shows all the variables that were created and used in the crash modédistiroug
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this section. A complete list of the variables read into the Limdep databaseedrd us

create the variables in Table 10 can be found in Appendix C.

Table 9. Dependent "SEVERITY" Variable Outcomes

Outcome| Variable
0 Property Damage Only
1 Possible/Unknown Injury and Minor Injury
2 Major Injury/Fatality

Table 10. Variable Descriptions

Variable Summary Description
0 x19=5; Property Damage Only
SEVERITY Crash Severity 1 x19=3 or x19=4; Minor Injury or Possible/Unknown Injury
2 x19=2 or x19=1; Major Injury or Fatality
o 1 x27>1; multiple vehicle collision
MULTVEH More than one vehicle in crash . . o
0 x27=1; single vehicle collision
X7=4 or X7=5 or x7=6; dark condition with either roadway
Dark Environmental Light 1 lighted, roadway not lighted, or unknown roadway lighting
DARK Conditions conditions
0 Other conditions
o 1 X3=3; Manner of Collision = Rear-end
REAREND Rear-end Collision o
0 Manner of collision was not rear-end
Age of the vehicle is greater than 1 (x12-x55)>29; Vehicle is older than 29 years
OLDCAR 29 years (age of vehicle is year of o
accident minus year of car) 0 Vehicle is not older than 29 years
oLD Age of Driver is older than 59 1 x34>59; Driver of SMV is over 59 years old
years 0 Driver of SMV is not over 59 years old
1 x60=1; Essentially Straight Vehicle Movement
STRAIGHT Movem_ent of SMV was . y g
Essentially Straight 0 Other Vehicle Movement
x14>1 and x14<9; Location of First Harmful Event was either:
. 1 on the shoulder, median, roadside, gore, or outside the
ESTHMOEE lr:(;;séWH:rmful Event was off the trafficway
y 0 x14=1 or x14=9 or x14=77; Location of first harmful event was
either on the roadway, unknown, or not reported
1 8<x10<12; Crash month is September, October, or November
FALL Crash was during Fall Season o Crash Month was in a month other than September, October, or
November
SUMMER Crash was during Summer 1 5<x10<9; Crash month is June, July, August
Season 0 Crash month was in a month other than June, July, or August
VOUNG Driver of Farm Vehicle is 25 1 x34<26; Driver of Farm Vehicle is 25 years of age or under
years of age or under 0 Driver of Farm Vehicle is over 25 years of age or unknown
. ) 1 Driver License Class A Restriction
x48 Driver License Class A . . o
0 Other Driver License Restriction Class
1 Rural
x66 Rural
0 Other
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The SEVERITY variable was the dependent variable used in all the models. Many
independent variables were created using the crash characteristi¢edrimwa Crash

Database.

The MULTVEH was and independent variables created to be used in the modeling.proces
This was an indicator variable which was given a 1 if the crash involved 2 or mackesehi
and 0 if the crash did not involve 2 or more vehicles. This variable indicates whethmar a far
vehicle crash involved another vehicle or if it was a single vehicle craslvimyalnly the

farm vehicle. If the number of vehicles recorded in the crash was greater than 1, t
MULTVEH indicator variable received a 1 value. If the number of vehiclesdedan the

crash was 1, the MULTVEH indicator variable received a 0 value.

The DARK indicator variable was created using the lighting conditions input frerowa
Crash Database. The officer records what type of lighting conditiorteexisring the

crash. If the officer recorded conditions of dark with roadway lighted, dark withadivay
lighted, or dark with unknown roadway lighting conditions, then the DARK variable value is
1. If the lighting conditions are anything other than those three options, the DARKIea

is given a 0.

REAREND was another indicator variable. It was created using fromahaenof collision
category. If the manner of collision of the crash was rear-end, the REARtMRtor
variable received a 1 value. If the manner of collision was anything other thanend

crash, the REAREND indicator variable was given a 0 value.

OLDCAR was an indicator variable that was created from the year ofrthevéhicle and
the date the crash occurred. The year of the vehicle was subtracted from Hietlyedime
of the crash to determine the age of the vehicle. If the age was gnaat@Styears of age,
the OLDCAR variable received a value of 1. If the age was not greater tlyaardf age,
the OLDCAR variable received a value of 0. The number 29 came from trialrandoer

ensure a high enough frequency occurred within that group of variables to be able to have
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confidence in using the OLDCAR indicator variable. In order to have confidence in the
variable, at least 10% of the total crashes used in each model must have been old. This
means that at least 10% of the total farm vehicles involved in crashes werthafd29

years at the time of the crash.

The OLD indicator variable was created to include the age of the driver afrthe/éhicle.

At least 10% of the crashes needed to have a value of 1 for the OLD variabler ito dralee
confidence in this variable. A trial and error process was used to have enough arservati
in this category as well as a low P-value when used in the model to get a siynéfaxding

in the OLD variable at the 90% confidence level.

The STRAIGHT indicator variable was created using the vehicle moventegbca
recorded in the lowa Crash Database. If the movement of the farm vehicisseasially
straight, the STRAIGHT variable received a value of 1. If the movemehedarm vehicle

was anything but essentially straight, the STRAIGHT variable receivedue of 0.

FSTHMOFF was an indicator variable created using the location of the firsfuhasrant
(x14) category from the lowa Crash Database. If the first harmful evendmvéne shoulder,
median, roadside, gore, or outside the trafficway, the FSTHMOFF variakieed a value
of 1. Any other first harmful event recording received a value of O for the F&IFHV
variable. This variable was created to determine the effect of the finstuh@vent

occurring off the traveled way on crash severity.

FALL was an indicator variable created to indicate a crash occurring dhemgdnths of
the fall season. If the crash was recorded as occurring during Octobembky or
December, the FALL indicator variable received a value of 1. If thé evas not recorded
as occurring during October, November, or December, the FALL indicator rd@ewedue
of 0.
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SUMMER was an indicator variable created to indicate a crash occurriing the months
of the summer season. If the crash was recorded as occurring during June, Juysor Au
the SUMMER indicator variable received a value of 1. If the crash was notleecas
occurring during June, July, or August, the FALL indicator received a valdie of

YOUNG was another indicator variable created to indicate whether the dritrer fairm
vehicle was 25 years of age or younger. This variable was created iméhensaner as the
OLD variable by trial and error. The age group created received enoughadioserand a
low enough P-value to have significance in the variable at the 90% confidence fi¢kel. |
driver of the farm vehicle was 25 years of age or under, the YOUNG variabieebee
value of 1, else 0. The YOUNG and OLD indicator variables were introducedmoddls,
but were only included in the final specification of the models if they were foutstistdly

significant.

The indicator variable x48 was created to indicate whether or not the driver ohtble ve

had a Class A Commercial Driver’s License at the time of the crash.sfdusic license
restriction allows a driver to operate any combination of vehicles with a gomsbination

weight rating (GCWR) of 26,001 or more pounds and a vehicle(s) in tow in excess of 10,000
pounds. The holder of this Class A restriction may also operate vehicles Wweldeiss B

and C Commercial Driver’s License restrictions. A driver with a (Bassstriction is

allowed to operate “any single vehicle with a GVWR [gross vehicle weaginy] of 26,001

or more pounds, or any such vehicle towing a vehicle not in excess of 10,000 pounds
GVWR” (lowa Department of Transportation, 2007). The Class C restriction adl@aser

to operate “any single vehicle less than 26,001 pounds GVWR, or any such vehicle towing a
vehicle not in excess of 10,000 pounds GVWR. This group applies only to vehicles which
are placarded for hazardous material or designed to transport 16 or more perkahsginc

the driver (and similar-size passenger vehicles designed to transport ademeer of
handicapped persons and has a GVWR of 10,001 or more pounds)” (lowa Department of

Transportation, 2007).
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The rural indicator variable used was x66. This variable was created fromitheoathedf a
rural crash that was created in the crash analysis in Chapter 3. The crash@sgowithin

1 mile of the city limits were defined as urban, while the crashes oagwuiside these
boundaries were defined to be rural. The crashes occurring in a rurg pettithis
definition were assigned a value of 1 for the x66 (rural) indicator varidiile crashes
occurring anywhere else were given a value of 0. This variablereai®d to determine the

effect of a farm vehicle crash occurring in a rural environment on crastitgeve

Transferability Test — Total vs. Single & Multiple Vehicle Crashes

In order to determine whether single and multiple vehicle crash severitgdteniodeled
together or as separate models using only single vehicle crashes in onamaloaialy
multiple vehicle crashes in another, a transferability likelihood ratiov@s used. This test
is given by the equation:

X? = -2[LLR(AT) - LLR@a) - LLR@b)] [4-2]

LLR(BT): Log Likelihood at convergence of the model estimated with the data
from both regions aand b

LLR(Ba): Log Likelihood at convergence of the model including region a data

LLR(Bb): Log Likelihood at convergence of the model including region b data

The model is X statistic isy? distributed with degrees of freedom equal to the summation of
the number of estimated parameters in all regional models (a and b) minus the number of
estimated parameters in the overall model. The resyftisgtistic provides the probability

that the models have different parameters (Washington et al., 2003).

This test shows which option models crash severity with more significans, aRinodel

was created for total farm vehicle crashes using crash severitydeptivedent variable. The
total output from the model is shown in Appendix D. All the variables shown in Appendix C
were tried in the model. Different dummy variables were created in order vansseles
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that would not have much variability and would have an effect on the crash severity. The
model shown in Appendix D is the best fit model. There were 598 observations for all farm

vehicle crashes. The model created for the total data model is as follows:

Total Crashes Model

z =-0.222 — 0.209(MULTVEH) + 0.355(DARK) — 0.232(x48) — 0.368(OLDCAR) +
0.174(OLD) + 0.232(STRAIGHT)+0.159(FSTHMOFF)

Y=0ifz<0
Y =1if0<z<1.107
Y =2if1.07<z [4-3]

Log Likelihood at Convergence = -539.5506
Number of observations = 598

Separate models were then created for single and multiple vehicle craglerasin severity

as the dependent variable once again. The same variables were used in those medels as w
used in the total crashes model except for the multiple vehicle indicator varidige

multiple vehicle indicator variable was removed from the model due to collinbatiyeen

it and the dependent variables of single vehicle crash severity and multiple weash

severity. All vehicles in the single vehicle crash model would receive atBefonultiple

vehicle indicator variable. Similarly, all vehicles in the multiple vehecésh model would

have a value of 1 for the multiple vehicle crash indicator variable. The seigldescrash

model had 80 observations while the multiple vehicle crash model had 518 observations.
The total output from the models is shown in Appendix D. The models developed with the

same variables, though with less confidence, are as follows:

Single Vehicle Crash Model

z = -0.246 + 0.132(DARK) + 0.0636(x48) + 0.786(OLDCAR) + 0.201(OLD) —
0.149(STRAIGHT) + 0.453(FSTHMOFF)
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Y=0ifz<0
Y=1if0<2z<1.024
Y =2if 1.024< 7 [4-4]

Log Likelihood at Convergence = -78.43699

Number of observations=80

Multiple Vehicle Crash Model

z = -0.405 + 0.368(DARK) - 0.288(x48) + 0.251(OLDCAR) + 0.187(OLD) +
0.264(STRAIGHT) + 0.0362(FSTHMOFF)

Y=0ifz<O0
Y=1if0<2<1.137
Y=2if1.137<z [4-5]

Log Likelihood at Convergence = -457.1571

Number of observations=518

Transferability Likelihood Ratio Test

To determine whether the total data fits the data more significantiythieasingle and

multiple vehicle crash regions modeled separately, the likelihood ratis tzstducted.

x2 =-2[LLR(AT) - LLRa) - LLR{b)] (Washington et al., 2003) [4-6]
x2 = -2[-539.5506 — -78.43699 — -457.1571] = 7.913 [4-7]
Df=7+7-8=6

v* = 12.592 with 95% confidence
7.913<12.592

According to the transferability likelihood ratio test, modeling crash sguesing the single
and multiple vehicle crash models does not fit the data more significantly thanmgodeli
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crash severity using all crashes in a single model. Therefore, theitidta modeled

together.

Transferability Test — Total vs. Rural & Urban Crashes

Once the first transferability test was completed, a second trangfgregst was then
conducted to determine if modeling rural and urban crash severity separateiptea
significance than modeling crash severity with them combined into one model nsing a
indicator variable for rural or urban in the model. The same test was done énibesls

as was done for the single and multiple vehicle crash models compared to thedotal dat
model. The same variables used in the total data model were also used in thelrurbha
models but without the rural indicator variable. In order to have the same number of
observations in the total data model as are in the urban and rural models, thevatashes
unknown location were removed from the total crash dataset, leaving 590 crashes for the
total data model. The total output from each run of the total crashes model,ashaiscr
model, and urban crashes model is located in Appendix D. The models used for the total,

rural, and urban models as well as the transferability test are shown below.

Transferability Test Total Crashes Model

z =-0.523 + 0.319(DARK) — 0.241(x48) + 0.393(OLDCAR) + 0.171(OLD) +
0.266(STRAIGHT) + 0.196(x66)

Y=0ifz<0
Y=1if0<2z<1.104
Y =2if 1.104< 7 [4-8]

Log Likelihood at Convergence = -540.1444

Number of observations = 590
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Transferability Test Rural Crashes Model

z =-0.381 + 0.301(DARK) — 0.161(x48) + 0.391(OLDCAR) + 0.203(OLD) +
0.334(STRAIGHT)

Y=0ifz<0
Y=1if0<z<1.123
Y=2if1.123<z [4-9]

Log Likelihood at Convergence = -359.7776
Number of observations = 386

Transferability Test Urban Crashes Model

z =-0.439 + 0.456(DARK) — 0.414(x48) + 0.334(OLDCAR) + 0.0879(OLD) +
0.158(STRAIGHT)

Y=0ifz<0
Y =1if0<z<1.042
Y =2if1.042< 2 [4-10]

Log Likelihood at Convergence =-171.9083
Number of observations = 204

Transferability Likelihood Ratio Test

To determine whether the total data fits the data more significantiythiearural and urban

crash regions modeled separately, a likelihood ratio test was conducted.

% = -2[-540.1114 - -359.7776 — -171.9083] = 16.851 [4-11]
Df = 6+6-7= 5 [4-12]
v> = 11.071 with 95% confidence

16.851 > 11.071
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The separate rural and urban crash models fit the data more signifibantipodeling all
crashes together. Therefore, two models will be created; one for mshesrand one for

urban crashes with single and multiple vehicle crashes combined in both models.

Final Models

The final models were created using the ordered probit model as well. Asp®atously,
this model can be used when the dependent variable outcomes are ordered. Thé'“severity
variable was used once again as the dependent variable with the same threesoutcome

numbered from 0 to 2. These outcomes can be found in the following sections in Table 11.

Urban Crash Severity Model

Overall Description

According to the transferability test, more confidence would be found by modetaigand
urban crashes separately. Therefore, crash severity for udsdres was modeled. There
were a total of 204 urban crashes. Using a trial and error process, awitbdeé besp?
statistic with all independent variables in the model significant at thec@ddidence level

was created. In order to ensure enough observations were recorded for iedobdd wsed in

the model, histograms were created. All variables were required to be founeast dt0%

of the total crashes, which means each variable was required to have a frexfaresst

20 crashes. For example, if dark is used as a variable, at least 20 o§hes evauld need

to have occurred during dark conditions as recorded at the time of the crash in order to
include the dark variable in the model. Once again, the dependent variable used is
SEVERITY. The mean of the variable is 0.4657. This means, the mean of the SEVERITY
variable occurs between property damage only and minor injury or possible/unknown injury,
but closer to the former of the two. The frequencies are shown in Table 11 along with the
description of each value for the SEVERITY variable. As can be seen, the number of

observations in the major injury/fatality category is 19, which is just under the 10%
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requirement previously stated. This represents 9.3% of the total crashes, whush ts the

10% and should still allow significant output from the model.

Table 11. SEVERITY Variable Description

Value Description Observations
0 Property Damage Only 128
1 Minor Injury or Possible/Unknown 57
Injury
2 Major Injury/Fatality 19

The total output from the model is shown in Appendix D. The model is as follows:

z=-0.484+ 0.46JREAREND+ 0.466 FALL)- 0.460x48)

~-0.471YOUNG

Y=0ifz<0

Y=1if0<z<1.074

Y =2if1.074<z [4-13]

Log Likelihood Function = -167.0860
Restricted Log Likelihood Function = -177.4383

The urban crash severity model estimation results are shown in Table 12. Tihaldhres
value was given from the programa®nd is also shown in Table 12. The coefficients are

the numbers preceding each variable in the z equation shown above.

Table 12. Urban Crash Severity Model Estimation Radts

Variable Coefficient P-Value  Mean Value
Constant -0.484043997 0.0014

REAREND 0.463093869 0.0131 0.289216
FALL 0.465832938 0.0078 0.397059
X48 -0.459598149 0.0345 0.245098
YOUNG -0.471309016 0.0660 0.156863

M1 1.073768106



82
Overall Fit

One common measure of the overall model fit ispfhstatistic. Since the value of the
statistic improves with the addition of each variable into the model, the statisst be
corrected for by subtracting the number of variables from the log likelihooddangtich is
created as output from the model. The corregtethtistic is defined as:

Correctech®= 1 — [LL(B) — K]/LL(0)] [4-14]
Where:

LL(B) = Log Likelihood at Convergence with Parameter Vegtor

LL(O) = Initial Log Likelihood (with all parameters set to zero)

K = number of parameters estimated in the model (Washington et al., 2003)

The closer the? statistic is to 1.0, the more certainty the model has in predicting the

outcomes. The computation of tpfestatistic for the single vehicle crash model is:
Correctech’= 1 — [(-167.0860 — 5)/-177.4383] = 0.0301643 [4-15]
This value is far from 1.0, but it was the highgfsitatistic that was computed from the

complete trial and error process. Therefore, this model predicts the vailnesome
certainty that any other model created within the process.

Individual Parameter Significance

The method of individual parameter significance used is the P-value. The vaaiablgs
with the P-values for each variable are shown in Table 12. All P-values for theesriabl
used in the model are less than 0.1, which means they are all significant at the 90%
confidence level. These mean we have confidence in each of the variable308bthe

confidence level.
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Frequency Comparison

Another method of determining the overall fit of the model is to compare the actual
frequency of the severity variable with the predicted frequency from the rooigeit.

Figure 45 shows the comparison of the actual and predicted number of observations in each
category. The model is predicting the same number of observations for eacimvh&ie i
SEVERITY variable. This indicates that the model is accurately pireglittese outcomes.
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Figure 45. "SEVERITY" Variable Comparison

Marginal Effects

The marginal effects function describes the effect of each variablebrningarior outcome
for the SEVERITY dependent variable with either a unit change for each independent
continuous variable or a change from 0 to 1 for each independent indicator variabke. Thes
marginal effects provide the direction of the probability for each categgory

P(y=1)/0X =[¢(s1, = PX) = (1, = PX) B [4-16]

Where ¢ (.) is the standard normal density.

Table 13 shows the marginal effects for all the independent variables.
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Table 13. Marginal Effects

Y=1
Y=0 (Possible/Unknown Injury Y=2
Variable (PDQO) and Minor Injury) (Major Injury/Fatality)
REAREND -0.1774 0.1004 0.0770
FALL -0.1760 0.1035 0.0725
X48 0.1631 -0.1067 -0.0565
YOUNG 0.1637 -0.1096 -0.0541

The following is a description of the marginal effects for each variable ngbd model for

each value of y.

When REAREND changes from 0 to 1, the probability of a PDO crash will decrease by
0.1774.

When REAREND changes from 0 to 1, the probability of a possible/unknown injury or
minor injury crash will increase by 0.1004.

When REAREND changes from 0 to 1, the probability of a major injury or fatalish avél
increase by 0.0770.

A farm vehicle involved in a rear-end crash in an urban setting would result in @as@dn
the probability that the crash is a fatality or major injury crash or minotyiejur
possible/unknown injury crash, in decreasing order of the magnitude of effect. Chnwerse
rear-end crash involving a farm vehicle in an urban setting would result in aioedadhe

probability that the crash is a property damage only crash.

When FALL changes from 0 to 1, the probability of a PDO crash will decrease by 0.1760.
When FALL changes from 0 to 1, the probability of a possible/unknown injury or minor
injury crash will increase by 0.1035.

When FALL changes from 0 to 1, the probability of a major injury or fatalitstcvaill

increase by 0.0725.

A farm vehicle involved in a crash in an urban setting during the fall would have an

increased probability that the crash is a fatality or major injurjnavasninor injury or
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possible/unknown crash, in decreasing order of magnitude of effect. Conversety, a f
vehicle crash in an urban setting during the fall will have a reduced prob#imlitthe crash

is a property damage only crash.

When x48 changes from 0 to 1, the probability of a PDO crash increases by 0.1631.
When x48 changes from 0 to 1, the probability of a possible/unknown injury or minor injury
crash decreases by 0.1067.

When x48 changes from 0 to 1, the probability of a major injury or fatality crash sesrea

by 0.0565.

An urban crash involving a farm vehicle of which the driver has a Class A CDL would have
an increased probability that the crash would be a property damage only crash. Gonverse
the same type of crash would have a decreased probability that the crash wouid aesult
minor injury or possible/unknown injury crash and fatality or major injury crash i

decreasing order of magnitude of effect.

When YOUNG changes from 0 to 1, the probability of a PDO crash increases by 0.1637.
When YOUNG changes from 0 to 1, the probability of a possible/unknown injury or minor
injury crash decreases by 0.1096.

When YOUNG changes from 0 to 1, the probability of a major injury or fatalithcras
decreases by 0.0541.

A single vehicle crash involving a farm vehicle with a driver 25 years of ageuoiger
would result in an increase in the probability that the crash is a property damageashly
Conversely, it will result in a decrease in the probability that the crasmiisca injury or
possible/unknown injury crash, major injury crash, and fatality crash in dewgeasier of

the magnitude of effect.
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Discussion of Coefficients and Marginal Effects

The coefficient on the REAREND variable is positive. This means that a oraghch the
manner of collision is a rear-end crash gives the indicator variable aofdlueThis value
increases the value of z. This increase in the value of z increases the wahiseitofrosses

the thresholqh value. This indicates that a farm vehicle involved in a rear-end crash would
result in a more severe crash. Similar results were found with thenalagffects test where

a rear-end crash is most likely to result in a possible/unknown or minor injuhy cras

could be attributed to the high speed differential between other traffic and the. SMNgh

speed differential could result in a greater impact and, therefore, a brgkhrseverity.

The coefficient on the FALL variable is positive. This means that a valueooftief FALL
variable would increase the value of z. An increase in the value of z would increase the
value of y as it crosses thehreshold value. This indicates that an urban crash occurring
during the months of September, October, or November would tend to result in a higher
crash severity. Similarly, the marginal effects test showed thayf@sf crash is more
likely to result in a higher severity crash. This makes sense because firaeguoften

times used during the fall months is harvesting machinery. This includes combinbs whi
often times extend into oncoming lanes of traffic with large corn and bean HBEaiddarge
presence on the road not only makes the speed differential an issue, but also nmakies try

avoid collision with any of the oversized parts of the combine difficult.

The coefficient on the x48 variable is negative. This means that a value of 1¥dBthe
indicator variable would decrease the value of z. This decrease in the valwewtiz

decrease the value of y as it crossesuttteeshold. This indicates that a crash involving a
farm vehicle of which the driver has a Class A CDL would tend to result irs adesre

crash. A Class A CDL is a specialized license allowing the driver toteperhicle was a

Gross Combination Weight Rating (GVWR) of “26,001 or more pounds, provided the
GVWR of the vehicle(s) being towed is in excess of 10,000 pounds. The holders of a Class
A license may, with appropriate endorsements, operate vehicles within B yresC”

(lowa Department of Transportation, 2007). This license requires the most testing a
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knowledge, so it makes sense that a driver with a Class A CDL would be involved in less
severe crash due to the knowledge and experience that driver has operatingehialge

Also, since the driver has a Class A Commercial Driver’s License, il coean that the

vehicle was a larger piece of equipment, which would tend to sustain more damagearbefore
injury to the driver would occur. The marginal effects analysis also showel bkieighood

of a crash involving a driver with a Class A CDL of being a property damagei@asly.

This makes sense because farm vehicle drivers who have received a ClakshAve been
educated about the safety and mechanics of driving heavy machinery down the highway
This license may also be correlated with the experience of the driver. Awiikighis

license may be more experienced than a driver without such a license and would know how

to handle the heavy machinery on the highway better.

The coefficient on the YOUNG variable is negative. This means that a value ahg for
YOUNG indicator variable would decrease the value of z. This decrease inuaeva
decreases the value of y as it crossesitfeeshold. This indicates that a farm vehicle
involved in a crash in an urban setting with a driver under the age of 25 would tend to result
in a less severe crash. This seems reasonable because younger bbditsr algle to

handle trauma and can recover quicker. They can typically withstand moageltmtheir

bodies than can older adults. Younger drivers also tend to have better perceyation-re

times which would allow more time to make a maneuver to avoid a more serious crash.

Rural Crash Severity Model

Overall Description

Rural crash severity was also modeled using the ordered probability modes. witera
total of 386 rural crashes. Using a trial and error process, a model with thé stesistic
with all variables in the model significant at the 90% confidence levetieased.
Histograms were made to ensure enough observations existed for each variable for

consideration. All variables were required to have at least 10% of the totalailmses,
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which means each variable had at least 39 observations. Once again, the depenblient varia
used is SEVERITY. The mean of the variable is 0.5933. This is a bit higher than the mean
for urban crashes which was 0.4657. According to this data, on average, ticeasiras

seem to have a higher crash severity than urban crashes. The frequersiesvarin Table

14 along with the descriptions for each value of the SEVERITY variable.

Table 14. SEVERITY Variable Description

Value Description Observations
0 Property Damage Only 205
1 Minor Injury or Possible/Unknown 133
Injury
2 Major Injury/Fatality 48

The total output from the model is shown in Appendix D. The model is as follows:

z=-0.159+ 0.30§ OLDCAR) + 0.283 STRAIGHT) + 0.439 DARK) + 0.40SUMMER)

~ 0.35MULTVEH)

Y=0ifz<0

Y=1if0<2z<1.142

Y=3if1.142<z [4-17]

Log Likelihood Function = -355.5843
Restricted Log Likelihood Function = -371.5021

Overall Fit

The calculation for the correctedstatistic is:
Correctedh®= 1 — [-355.5843 — 6]/-371.5021] = 0.026696 [4-18]

This value is fairly close to 0, but it is the highg&ss$tatistic that was computed from the

complete trial and error process with all variables in the model being sagnificcording to
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the P-values. Therefore, this model predicts the values with more certaingnthather

model created within the process.

Individual Parameter Significance

The variables included in the model along with the P-values and mean values for each
variable are shown in Table 15. The mean values are the average value of aath vAli

the variables are indicator variables. This means that an indicator varikblawe values

of 0 or 1. For instance, the OLDCAR indicator variable would receive a value of 1 if the
farm vehicle involved in a crash was over 29 years old, or a value of 0 if thedharatev
involved in the crash was not over 29 years old. Therefore, the mean value also irfthcates t
percentage of all multiple vehicle crashes recording that specifebl@is an observation.

For example, the mean of OLDCAR is 0.13989, which means 14% of the rural crashes

involved a farm vehicle that was over 29 years old.

Table 15. Rural Variable Output

Variable Coefficient P-Value Mean Value
Constant -0.158353581 0.3882

OLDCAR 0.306113167 0.0736 0.13989637
STRAIGHT 0.283847181 0.0241 0.54404145
DARK 0.439393216 0.0048 0.19430052
SUMMER 0.401118760 0.0054 0.23575130
MULTVEH -0.351751705 0.0310 0.83678756
W1 1.142486576

All P-values for the independent variables are less than 0.1, which means théy are al

significant at the 90% confidence level.

Frequency Comparison

The actual frequency of the severity variable and the predicted frequentyhie model

output are shown in Figure 46. The model is predicting the same number of observations for
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each possible outcome in the SEVERITY variable. This indicates that the mottalriata

in predicting these outcomes.
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Figure 46. “SEVERITY” Variable Comparison

Marginal Effects

The marginal effects function describes the effect of each variablebroacome for the
SEVERITY dependent variable with either a unit change or indicator cheorgedfto 1 in
each independent variable. Table 16 shows the marginal effects for all thenohelgpe

variables.
Table 16. Marginal Effects

Variable Y=0 Y=1 Y=2
OLDCAR -0.1216 0.0554 0.0662
STRAIGHT -0.1124 0.0592 0.0532

DARK -0.1736 0.0760 0.0976
SUMMER -0.1589 0.0725 0.0864
MULTVEH 0.1395 -0.0627 -0.0768

The following is a description of the marginal effects for each variable ngbd model for

each value of y.
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When OLDCAR changes from 0 to 1, the probability of a PDO crash will decrgase b
0.1216.

When OLDCAR changes from 0 to 1, the probability of a possible/unknown injury or minor
injury crash will increase by 0.0554.

When OLDCAR changes from 0 to 1, the probability of a major injury or fatabighcwill
increase by 0.0662.

An older farm vehicle involved in a rural crash would result in an increase in the pitgbabil
that the crash is a fatality crash, major injury crash, or minor injury origp@&siknown

injury crash, in decreasing order of the magnitude of effect. Conversely,iplenthicle
crash involving a farm vehicle would result in a reduction in the probability that thie isra

property damage only crash.

When STRAIGHT changes from 0 to 1, the probability of a PDO crash decreases by 0.1124.
When STRAIGHT changes from 0 to 1, the probability of a possible/unknown injury or

minor injury crash increases by 0.0592.

When STRAIGHT changes from 0 to 1, the probability of a major injury or fatahighc
increases by 0.0532.

A rural crash involving a farm vehicle when the farm vehicle’s action is ésestraight
would decrease the probability that the crash would be property damage only. Elgnvers
the same type of crash would increase the probability that the crash wouldrimg anjary

or possible/unknown injury crash, major injury crash, and fatality crash in degeader

of magnitude of effect.

When DARK changes from 0 to 1, the probability of a PDO crash will decrease by 0.1736.
When DARK changes from 0 to 1, the probability of a possible/unknown injury or minor
injury crash will increase by 0.0760.

When DARK changes from 0 to 1, the probability of a major injury or fatality crash wi
increase by 0.0976.
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A rural crash involving a farm vehicle in which the lighting conditions are ddifkely to
result in a minor injury or possible unknown injury crash, major injury crash, andyfatali
crash in decreasing order of magnitude of effect. The same type of crash salilthra

lower probability that the crash would be property damage only.

When SUMMER changes from 0 to 1, the probability of a PDO crash will decrgase b
0.1589.

When SUMMER changes from 0 to 1, the probability of a possible/unknown injury or minor
injury crash will increase by 0.0725.

When SUMMER changes from 0 to 1, the probability of a major injury or fatality evdls
increase by 0.0864

A rural crash involving a farm vehicle during the summer months of June, July, and Augus
will decrease the probability that the crash will be a property damagerasly. c

Conversely, this same crash would increase the probability of the crash begldyadiat

major injury crash, minor injury or possible unknown injury crash in decreasing ordher of t

magnitude of effect.

When MULTVEH changes from 0 to 1, the probability of a PDO crash will increase by
0.1395.

When MULTVEH changes from 0 to 1, the probability of a possible/unknown injury or
minor injury crash will decrease by 0.0627.

When MULTVEH changes from 0 to 1, the probability of a major injury or fatalagtcwill
decrease by 0.0768.

A rural multiple vehicle crash involving a farm vehicle will have a higher fmtibaof
resulting in a property damage only crash. The same type of crash would have a low
probability of resulting in a fatality or major injury crash or minor injury or

possible/unknown injury crash in decreasing order of magnitude of effect.
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Discussion of Coefficients and Marginal Effects

The coefficient on the OLDCAR variable is positive. This means that a crash Withlae

for the OLDCAR variable increases the value of z. This increase in the valirecodases

the value of y as it crosses the threshold mu values. This indicates that farmsvehicl
involved in rural crashes that are over 29 years old tend to increase the sdébatgrash.
Similar results were found from the marginal effects function. An older Vatitle

involved in a crash resulted in the highest probability of the crash being a majgoinjur
fatality crash. This makes sense because older vehicles have fewefesdtees, may not

run as well and may be more prone to equipment failure, and may not be physicallg capabl
of avoiding some accidents. Many farm vehicles lack a ROPS or any cab overakkad a

making crashes in which the vehicle overturns very dangerous.

The coefficient on the STRAIGHT variable is positive. This means that a 1 valilne for
STRAIGHT variable would increase the value of z. This increase in the vatugaild
increase the value of y as it crosses the mu thresholds. This indicatesithbteash
involving a farm vehicle in which the action of the farm vehicle is essenttediglst would
result in a high severity crash. The marginal effects analysis showgrkettest likelihood
of a crash involving a farm vehicle traveling straight resulting in a minor ijury
possible/unknown injury crash. This could be attributed to the straight movenognhgll
the vehicle to travel at higher speeds. Farm vehicles traveling at higleeissgquire more

time to stop and can lose control more easily.

The coefficient on the DARK variable is positive. This would mean that a 1 valueefor t
DARK indicator variable would increase the value of z. This increase in the value of z
results in an increase in the value of y as it crosses the mu thresholds. Thissritiaiaa
rural crash occurring during dark conditions would tend to result in a more severeTdrash.
marginal effects analysis showed similar findings with the gselkelihood of a farm

vehicle crash occurring in a dark environment resulting in a major injury otyatedsh.
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This could mean that the safety features on farm vehicles may need to bdfeubiree
during dark conditions because these crashes are more severe. It could aldmhwavers
may have slower reaction times during dark conditions since the sigimogissdimited due
to the darkness. These slower reaction times could result in higher speedtehffedairing

the impact of the crash and would tend to result in a higher crash severity.

The coefficient on the SUMMER variable is positive. This means that a rurhlwithasa

value of 1 for SUMMER would increase the value of z. An increase in the value of z would
increase the value of y as it crosses the mu threshold values. This indiaatesural crash
involving a farm vehicle during the summer months of June, July, and August would result in
a higher crash severity. The marginal effects analysis showedrdimiliags showing the
greatest probability of a farm vehicle crash in the summer being a miajor or fatality

crash. In the summer months, sprayers are common farm machinery used tbemiagls

on the crops. These machines are more flimsy types of farm vehicles and uftay resre
severe crashes. This may be one of many different farm vehicles ondiduroay the

summer that may explain the likelihood of high crash severity.

The coefficient on the MULTVEH variable is negative. This would mean that a value of
for the MULTVEH indicator variable would decrease the value of z. This dearetise

value of z results in a decrease in the value of y as it crosses the mu threShads

indicates that a rural multiple vehicle crash involving a farm vehiclgewd to result in a

less severe crash. The marginal effects analysis also showed tb&t ppigibability of a farm
vehicle crash involving more than one vehicle resulting in a PDO crash. Thisieoeffic

does not make sense because a multiple vehicle crash should have a higher probability of

being a more severe crash because there are more people involved istthe cra
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Farm Vehicle Crash Severity Models: Summary of Findings

The urban farm vehicle crash severity model showed that rear-end crasbesonetikely

to result in a high crash severity. Since farm vehicles are travelinglrat@®v speeds, they

are likely being rear-ended by other traffic. This same model showettdishes during the
months of September, October, and November tend to result in a higher crash severity. The
urban farm vehicle crash model showed a decrease in crash severity Wwids cnaslving a

farm vehicle where the driver has a Class A CDL. Crashes involving a ydangevehicle

driver were also found to decrease crash severity in the urban farm vehstlsevarity

model.

The rural farm vehicle crash severity model showed that older vehicles involvediesr
are more likely to result in a higher crash severity. The same model stmvedashes
involving farm vehicles where the farm vehicles were travelingwisdly straight at the
time of the crash were more likely to result in a higher crash severigyrufél farm vehicle
crash severity model also showed that crashes occurring during dark conésigtesdrin a
high crash severity. The same model showed crashes occurring during ther snamtins
of June, July, and August would result in a high crash severity. Multiple vehisleesra
occurring in a rural environment resulted in a lower crash severity fromridgdearm crash

severity model.

From the results of the farm vehicle crash models, many observations have beeffrroade
those observations, recommendations could be deduced based on those findings which may
help to lower farm vehicle crash severity.

Rear-end crashes could be reduced by enhancing the safety features anothiamea
vehicles. Requiring more safety features than the current SMV Emblemaartdilteyht
requirements may help increase warning to other traffic of the presereefafin vehicles

and allow drivers to adjust their speeds accordingly.
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Fall crashes were also more severe when they were in an urban environmestuggbsts
the need to increase awareness during the fall to other drivers of the prestmm
vehicles on the roadway. This could be done through the media, safety brochures, and other

informational programs.

Through the urban crash model it was also shown that crashes involving drivers \gtikra hi
CDL classification are less severe. Farm vehicle operators could beecetpuhave a higher
driver’s license classification to drive on the public road system than the standarts dr

license.

Older farm vehicles tended to be in higher severity crashes. Theraayeotd farm

vehicles being used on farms throughout lowa. Statistics from the literevige stated

that the average tractor age was 25.7 years and that only 50% of all Facies/an the

United States had an ROPS in 2002. The older farm vehicles could be required to be updated
with an ROPS to prevent farm vehicle crashes from being high severity crasbeeting

older farm vehicles to follow these standards may help reduce the seveutglatrashes

involving a farm vehicle.

The rural crash model shows a need for increased safety features drkingrahtions.

Dark conditions limit the visibility of the farm vehicles on the roadway. More engiras/

need to be placed on making the farm vehicle as visible as possible to other vehicles on the
roadway. In order to reduce the severity of crashes involving old farm vehicleg darin

conditions, all farm vehicles should follow ASABE standards for lighting and marking.
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

This thesis examined farm vehicle crashes in terms of numbers, crash cisdiacte
similarities, and crash severity factors. Many SMV crashes occhryear in the state of
lowa. Much of lowa’s land is used for farming, which results in high farm vehaffecton
the public roadways during the spring, summer, and fall. lowa also has manyd@td O
Amish and Mennonite communities which produce high horse-drawn buggy traffic. Many
all-terrain vehicles, mopeds, construction and maintenance vehicles, bicpdesher
SMVs are also using the road system. These vehicles are travelimg wepeeds and
must be very visible and leave enough reaction time for other faster moWictesen the
roadways to see the slow vehicles and avoid a collision. This thesis analyzechtherc
types of crashes for each vehicle in order to understand how and why the crashes ar
occurring, and determine strategies to prevent these types of crashes.coSoluding
remarks are offered by type of slow moving vehicle.

Horse-Drawn Buggies

The most common manner of collision for the rural horse-drawn buggy crashes westhe r
end collision. Two-thirds of the rural crashes involving horse-drawn buggies atcurre
during nighttime hours. The vehicles were moving essentially straight ijoatsnaf the

rural crashes in which they were involved and turning left in 11% of the crashes.

Animals were the most common cause of crash for the rural multiple vehidiesradalf of
the rural multiple vehicle crashes involving horse-drawn buggies were gansdsility of
the horse-drawn buggy. This indicates not only a necessity to address yisflitié horse-

drawn buggies, but also better control of the buggies. If the animals are the mmstircom
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cause of the rural multiple vehicle crashes involving horse-drawn buggies; peap@g of

the horses should be required in order for them to pull a buggy on the public highway system
Also, wider shoulders on public highways in communities with high Old Order Amish and

Old Order Mennonite populations would allow more room for error for the horses.

Farm Vehicles

Most farm vehicle crashes occurred in October at over 25% of the total astésr The
most common manner of collision for rural farm vehicle crashes was the reeotksidn.
The action of the farm vehicles was essentially straight during theofithe crash for most
of the rural crashes, while 30% of the farm vehicles involved in rural crashesun@ng
left. The most common cause for farm vehicle crashes was “swervisyeagtion.” Farm
vehicles were responsible for just more than 40% of the rural multiple vehidiesras

which they were involved.

Crash severity models can also help show the effect of different crashtehati&s on
another characteristic of a crash. Two separate models were creatdshfoand rural
crashes involving farm vehicles to determine the effect of all differashaharacteristics
on crash severity. Within these models, there were a number of different fhatdrave an
influence on crash severity that can be considered for safety improvemergingand
understanding these factors and creating standards for farm vehiclesce tfezlgeverity of
those crashes can greatly impact the safety on lowa’s public roadWagb. severity of a
farm vehicle in an urban environment was found to increase when the crash wasd rear-e
crash. Crash severity also increased when the urban farm vehicle crasaddatirrg the
fall. Urban farm vehicle crashes where the driver of the farm vehicle G&ka A driver's
license or was under the age of 25 resulted in a less severe crash. Rural fdecrashic
severity was found to increase when the farm vehicle was over 29 years olt aaswreen
the farm vehicle was traveling essentially straight at the time afrélsh. Crash severity

was also higher when the crash occurred during dark conditions and also duringrttee sum
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months. Rural farm vehicle crash severity was found to be low when the crash was a

multiple vehicle crash.

Construction and Maintenance Vehicles

The construction/maintenance vehicles category is a group of vehicles incluatigg m
different types of vehicles. Therefore, it is difficult to find commonalitiethe causes,
types, and manners of crashes involving these types of vehicles. Some of these aehicl
SMVs, some are not. Therefore, it is difficult to study these vehicles $etaey are
grouped into one category. The most common manner of collision for rural crashes
involving a construction/maintenance vehicle was the rear-end collision. Theaonasion
vehicle action during the crash was “moving essentially straight.” Cotistrlroaintenance
vehicles were turning left in 11% of the rural crashes in which they were involedmast
common cause of rural crashes involving construction/maintenance vehicleslwastd
yield the right of way. These types of vehicles were also responsiblanfer than 35% of

the rural crashes in which they were involved.

All-Terrain Vehicles and Mopeds

Moped/ATVs represented the second highest group in terms of number of SMV €rashes
2004-2006. This group had the highest percentage of crashes resulting in satgtaity

fewer than 10%. Moped/ATVs were responsible for just fewer than 70% of the rural
multiple vehicle crashes in which they were involved; the highest of all four gshiges.

The most common manner of collision was the non-collision. Moped/ATVs were moving
essentially straight in a majority of the rural crashes in which theg wweolved and turning

left in 8% of the crashes. About 60% of the drivers of moped/ATVs who were involved in a
rural crash were under the age of 24; 17% were under the age of 15. The most common
cause for moped/ATV crashes was swerving/evasive action.
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Recommendations

The findings of this thesis included many possible safety recommendations to be used on
SMVs. An important aspect of the data analysis found that mopeds/ATVs had the highest
fatality rate of all four vehicle types analyzed in this thesis; tbhezetrashes within the
moped/ATV category may be the most important and necessary to considepléananting
countermeasures. The crash analysis found that a large number of the mopadiAésl

in crashes were driven by a young driver. Just fewer than 60% of the rurakdrasiheed

a moped/ATV with a driver under the age of 24 years. Drivers 15 years of age and under
were involved in 17% of the rural moped/ATV crashes. Since a majority of the rural
moped/ATV crashes involved young drivers, emphasis should be placed on stectsinky
requirements for these drivers on the public road system and better enforcethesé of

laws. Young drivers have often not had proper training to drive, especially whefasteer
vehicles are present. Younger drivers are not as experienced and will tend teerioiper
knowledge of how to handle certain situations by themselves. Also, since 70% of the rural
multiple vehicle crashes involving moped/ATVs were the responsibility of the, A&/
emphasis may need to be placed on proper driving techniques of the moped/ATV drivers and
not necessarily the visibility of the ATV to other vehicles on the roadway. @ade, #his

also may be explained by the inexperience of young drivers involved in the crashes.

Another aspect of the data analysis that stands out was that 30% of all rures$ anaslving
a farm vehicle occurred when the farm vehicles were turning left. Fdmiclesoften turn
left into field entrances from the roadway. When traveling at slow speeds egehicl
approaching in the same direction are tempted to pass. Without a turn signalpadssibie
for the vehicles behind the farm vehicle to know that the farm vehicle is turningefditeer
as a vehicle attempts to pass the farm vehicle, the farm vehicle turinsdéfte passing
vehicle resulting in a sideswipe crash, same direction. Many farm e®licInot have turn
signals that operate correctly or do not have turn signals that are visibledhictes
following the farm vehicle. Many do not even have turn signals at all. Due teetheshcy

of these types of crashes, turn signals should be present, visible, and operegirtty am
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the farm vehicles in order to prevent these types of crashes. Many timeshthigmhals can

be hidden from view by a wagon, hay bailer, or any other type of equipment in tow behind
the farm vehicle. If this is the case, turn signals should be present on the pigupoieat

in tow in order for the turn signal to be visible by vehicles following the farm \eshicl

The crash analysis also found that the majority of the crashes involving horsekirggves
were the result of an improper action by the animals pulling the buggies. Reopegt

could be required for the horses pulling the buggies. If the horses are difficutittol c
allowing the horses to pull the buggies is a potentially dangerous situation for thegeasse
in the buggy as well as other vehicles on the roadway. A program, similarGad¢lga
County Sharing the Road with Amish Travelers Forum in Ohio, could be initiated iro8te m
heavily populated Old Order Amish and Old Order Mennonite counties within the state of
lowa. These are Washington, Davis, and Buchanan counties; in descending @ider of
Order Amish population (none of those counties have Old Order Mennonite communities).
During these meetings, state and county officials would be able to adwesgpbrtance of
training the horses properly and operating the horse-drawn buggies in the safiest m
possible. Since the crash data analysis indicated a misjudge in gap by ttersméithe

horse drawn buggies or an inability of the horses to move in an effective manner to avoid
collision, instructing the Amish community members to be cautious when pulling into

ongoing traffic is an important aspect to cover as well.

Also from the crash analysis, many of the crashes involving horse-drawn $oggiered
during night hours and the most common manner of collision was the rear-end collision.
Lack of visibility of the horse drawn buggies from the rear could be an explariatithese
types of crashes. The SMV Emblem may not be a sufficient aid for nightitysiBimber
flashers may be an effective countermeasure to help prevent horse-drawmciashes

during not only nighttime, but also daytime hours. This would also give indication tosdriver
approaching from the rear that the particular vehicle is traveling moré/sttam normal

traffic.
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Many observations could be incurred from the crash model analysis on farm velecig/ se
Rural crashes involving farm vehicles over 29 years of age resulted in bigkbrseverity.
These types of vehicles often times lack safety features that did not eordardton farm
vehicles at the time of their construction. One such safety feature thapoaentially

lower crash severity in crashes involving farm vehicles is the ROPS. Mamyéhicles

lack the device and some even lack a cab overhead at all. Requiring the ROPSon all fa
vehicles in the state of lowa could help lower crash severity in rollover or averashes.
Another feature that older farm vehicles may lack is the seat belt. Reqeiainigett use in
combination with the ROPS would prevent drivers from being thrown from the farm vehicle

and rolled over by the equipment in the event of a rollover or overturn crash.

Also from the crash model analysis, rear-end crashes were found to result ireveoee s
crashes in the urban environment. The ASABE lighting and marking standards vgould al
help increase visibility of the farm vehicles. Making these farm vehietes visible from

the rear would help prevent rear-end crashes. The ASABE standards have sulggested t
farm vehicles be equipped with these important safety features: 2 headlampsilRgleis t

2 amber flashing lights, 2 turn indicators, and 1 SMV emblem. Not only should farm
vehicles be equipped with these features, but they should also be visible from vehicles
following the farm vehicle. Any equipment in tow must not block the view of any safety
features. If this occurs, the safety features must be placed on the unit indaer to be

visible by other vehicles behind the farm vehicle.

Another conclusion from the farm vehicle rural crash modeling was the decreasghin cr
severity when the driver of the farm vehicle had a Class A Commenaiedr3 License.
Requiring a special driver’s classification to operate a farm vehicleeopublic roadway
could help reduce crash severity of farm vehicles. Intuitively, it could also luelper¢he

frequency of farm vehicle crashes.
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FUTURE RESEARCH

As a result of this thesis, many inferences could be made about the anashesg farm
vehicles. However, some issues concerning farm vehicle crashes were notrednside
through this thesis because they were not realized until the final stabesre$earch
process. This section describes those shortfalls and suggests those othetoraitesider

in future research within the study of SMV crashes.

Due to the low number of crashes in the horse-drawn buggy category, more data would be
necessary to be able to model the crashes with any confidence. Future resedrsé coul

done using more years of data and the severity could then be modeled. Also, more years of
data would allow more confidence in the results of the crash data analysit a@&s evash

modeling.

Also, an aspect of this topic that was not researched as a part of this thesisusber of
crashes that were a result of an SMV'’s existence on the roadway, but werectbt di

involved in the crash. The SMV would not have been recorded as being a part of the crash
because the SMV would not be a vehicle reported in the collision. The SMVs may be
referred to in the narratives specific to each vehicle in each crash, buartie weuld be

difficult. One method would be to take a sample of crashes and determine what glercent
those crashes reported an SMV being involved in the crash within the craslvaaeation.

This would give an idea as to how many more crashes resulted from an SM¥ésexisn

the roadway in addition to those crashes with an SMV reported as being dimechiyed in

the crash.

Further research is also recommended to determine the effects of thentigtefety features

on SMVs on driver behavior. This analysis provides evidence to the types of crashes that
most common among crashes involving SMVs, but the actual effects of each ssfety fe

on preventing these types of crashes should also be researched. Analyzirfgrénmecdiin
driver behavior with and without each device installed on an SMV would provide further
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evidence to the effect of each device. If the effect of a device is positiverasda
significant influence on driver behavior, the device could become a standard to be used on a

SMVs in lowa.
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APPENDIX A: 2004-2006 SMV IOWA CRASH MAPS
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APPENDIX B: SMV ANALYSIS — TOTAL 2004-2006 AND RURAL 2004-2006



Total lowa SMV Crash Characteristics 2004-2006

113

Description Horse
SMV Crashes & Farm | Construction/Maintenanc®oped/ATV |Bicycle| Other | Total
Buggy
# Crashes
involving at Total 18 594 230 361 110 39 1352

least one SMV

# SMVs in

Crashes in area:

|

Rural 10 382 62 120 8 9 591
Urban 8 204 161 229 100 28 730
Unknown 0 8 7 12 2 2 31

# OL SMV ) Fatality 21 4 16 5 1 47
Crashes Wit : :
crash severity Major Injury 46 11 74 14 3 151
of: Minor Injury 93 24 158 44 10 333
Property Damage Only 9 334 157 40 5 16 560
Possible/Unknown 2 100 34 73 42 10 261

# of Crashes

[N
1=

ol NIGHT (Sunset-Sunrise) 5 125 17 83 28 269
involving one o -
more SMVs DAY (Sunrise - Sunset) 13 459 212 273 82 2 1067
during: Unknown 0 10 1 5 0 0 16
Night-to-Day Crash Ratio 0.385 0.272 0.080 0.304 340. 0.393| 0.252

# of Crashes

AM Peak 2 51 35 24 6 3 121
involving one o
more SMVs PM Peak 3 115 20 84 24 8 254
during: Midday (Offpeak) 8 303 150 123 39 14 637

# of Crashes

) . January 3 12 25 9 3 7 59
'”‘r’f]’(')‘g‘gsslr{fso February 1 18 26 12 4 1 62
during the March 1 20 18 19 3 0 61
following April 1 53 14 32 6 1 107
month:

May 1 41 12 37 11 2 104
June 4 64 20 52 13 6 15¢
July 0 40 18 52 21 3 134
August 3 40 25 38 16 8 130

September 2 64 24 51 16 4 161

October 0 122 17 31 6 1 177

November 2 83 17 18 4 3 127
December 0 37 14 10 7 3 71

~ # of Crashes Dry 13 | 460 133 246 97 22| 971
'”‘é?gfg?s&':fso Wet 2 30 20 21 8 4 85
with surface Ice 0 7 14 4 0 1 26
conditions of: Snow 1 14 34 10 1 5 65
Slush 0 2 2 0 0 0 4
Sand/mud/dirt/oil/gravel 2 63 19 60 1 2 147
Water (standing/moving) 0 0 1 0 0 0 1
Other/Unknown/Not Reported 0 18 7 20 3 5 58
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# Sl;]/le in ) below 25 mph 0 3 5 17 1 2 28
crashes witl
speed limit of: 25-34 mph 3 53 80 158 2 14 310
35-44 mph 1 24 18 27 3 2 75
45-54 mph 0 66 17 39 0 4 12¢
55-64 mph 9 397 74 84 0 6 570
65 mph and above 0 20 2 1 0 0 23
Unknown 5 35 35 57 107 11 25(
Major c?]use of Animal 5 1 1 9 0 0 16
crashes -
involving one o Ran Traffic Signal 1 2 4 0 0 8
more SMVs Ran Stop Sign 10 3 11 2 0 26
Crossed centerline 30 8 7 0 0 46
FTYROW: At uncontrolled
intersection 0 6 2 9 ! ! 19
FTYROW: Making right turn on
red signal 0 0 0 0 5 ! 6
FTYROW: From stop sign 2 17 6 16 3 2 46
FTYROW: From yield sign 0 1 1 6 0 0 8
FTYROW: Making left turn 0 28 2 18 2 1 51
FTYROW: From driveway 0 14 4 15 1 4 38
FTYROW: From parked positio 0 1 1 3 0 0 5
FTYROW: To pedestrian 0 0 1 1 6 0 8
FTYROW: Other (explain in 1 52 23 1 8 6 101
narrative)
Traveling wrong way or on wrong 10 0 9 0 0 19
side of road
Driving too fast for conditions 0 22 19 20 0 0 61
Exceeded authorized speed 0 4 2 4 0 10
Made improper turn 0 17 3 4 0 1 25
Improper Lane Change 0 0 0 0 0 0 Q
Followed too close 2 25 11 15 2 1 56
Disregarded RR Signal 0 0 0 1
Disregarded Warning Sign 0 0 0 0 0 1
Operating vehicle in an
erratic/reckless/careless/negligent/a 0 12 3 26 2 5 48
ggressive manner
Improper Backing 0 0 0 0 0 0 0
lllegally Parked/Unattended 0 0 0 0 0 0 0
Swerving/Evasive Action 72 13 29 3 4 122
Over correcting/over steering 0 6 2 3 0 Q 1n
Downhill runaway 0 1 3 1 0 0 5
Equipment failure 0 13 2 5 1 0 21
Separation of units 0 8 1 0 0 0 9
Ran off road - right 1 38 11 10 2 0 62
Ran off road - straight 0 4 0 0 0 0 4
Ran off road - left 0 19 2 6 0 1 28
Lost Control 1 18 13 52 0 2 86
Inattentive/distracted by: Passenger0 1 0 1 1 0 3
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Major cause of  |nattentive/distracted by:
y: Use of
_ crashes phone or other device 0 4 0 2 0 0 6
involving one o
more SMVs Inattentive/distracted by: Fallen
(continued) object 0 0 0 0 0 0 0
Inattentive/distracted by:
Fatigued/asleep 0 0 1 0 0 0 1
Other (explain in narrative): Vision 2 21 14 5 1 0 43
obstructed
Oversized Load/Vehicle 0 1 0 0 0 1
Cargo/equipment loss or shift 1 1 1 0 0 3
Other (e>_<p|ain in narr_ative): Other 1 71 39 o5 6 5 144
improper action
Unknown 0 24 14 17 11 3 69
Other (gxplaln in narratlve): No 0 35 18 14 42 4 113
improper action
Not Reported 0 7 1 2 11 1 22
Manne}:/of Non-Collision 0 95 24 169 66 15 369
Cras
Collision Head-on 2 25 12 10 1 2 52
Rear-end 6 166 65 51 1 2 201
Angle, oncoming left turn 1 33 5 18 3 1 61
Broadside 7 65 46 75 34 14 241
Sideswipe, same direction 2 150 54 22 B 2381
Sideswipe, opposite direction 0 51 12 9 0 72
Unknown 6 8 4 20
Not Reported 3 4 1 15
Driver age| OfOI <15 0 8 0 100 0 4 112
SMVs involve
in crashes 15-20 4 48 5 108 1 7 173
21-24 1 42 14 39 0 2 98
25-34 1 77 35 41 0 6 160Q
35-44 0 88 45 27 2 3 165
45-54 1 129 75 25 5 8 243
55-64 1 77 32 10 1 2 123
65-69 0 24 4 9 0 2 39
70+ 1 81 1 13 0 1 97
Unknown 9 24 20 11 104 4 172
Major ce;l]use of Animal 4 1 1 9 0 0 15
crashes —_—
involving one o Ran Traffic Signal 0 0 0 1 0 0 1
more SMVs Ran Stop Sign 0 8 2 8 0 0 18
with matching Crossed centerline 1 16 3 0 0 25
circumstances
from the SMV FTYROW: At uncontrolled 0 3 0 7 0 0 10
involved that intersection
indicate more . o
responsibility of FTYROW: rg/(lja;mr?;ght turn on 0 0 0 0 0 0 0
the particular 9
SMV than any FTYROW: From stop sign 2 13 6 8 0 2 31
other vehicle " cryp \w: From yield sign 0 1 0 2 0 0 3
involved in the
crash FTYROW: Making left turn 0 27 1 6 0 0 34
FTYROW: From driveway 0 10 3 11 0 3 27
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Major cause of
crashes FTYROW: From parked positio 0 1 1 2 0 0 4
involving one o
more SMVs FTYROW: To pedestrian 0 0 1 1 1 0 3
with matching . .
circumstances FTYROV\:{aS;tt‘lisg)(explmn n 19 16 10 2 5 53
from the SMV
involved that | Traveling wrong way or on wrong
indicate more side of road 5 0 9 0 0 14
responsibility of — —
the particular Driving too fast for conditions 0 7 2 19 0 0 28
SMV than any Exceeded authorized speed 0 g 0 3 0 0] 3
_other ve_hlcle Made improper turn 0 15 3 2 0 1 21
involved in the
crash Improper Lane Change 0 0 0 0 0 0 Q
(continued) Followed too close 0 2 1 12 0 1 16
Disregarded RR Signal 0 0 1 0 0 0 1
Disregarded Warning Sign 0 0 1 0 0 0 1
Operating vehicle in an
erratic/reckless/careless/negligent/a 0 3 1 25 0 5 34
ggressive manner
Improper Backing 0 0 0 0 0 0 0
lllegally Parked/Unattended 0 0 0 0 0 0 0
Swerving/Evasive Action 1 17 6 22 1 4 51
Over correcting/over steering 0 4 1 3 0 Q 8
Downhill runaway 0 1 2 1 0 0 4
Equipment failure 0 12 2 5 1 0 20
Separation of units 0 7 1 0 0 0 8
Ran off road - right 1 34 9 10 2 0 56
Ran off road - straight 0 2 0 0 0 0 2
Ran off road - left 0 14 1 6 0 1 22
Lost Control 0 6 6 52 0 2 66
Inattentive/distracted by: Passenger0 0 0 1 0 0 1
Inattentive/distracted by: Use of
phone or other device 0 0 0 2 0 0 2
Inattentive/distracted by: Fallen
object 0 0 0 0 0 0 0
Inattent_ive/distracted by: 0 0 0 0 0 0 0
Fatigued/asleep
Other (explain in narrative): Vision 0 9 9 3 0 0 21
obstructed
Oversized Load/Vehicle 0 0 1 0 0 0 1
Cargo/equipment loss or shift 1 1 1 (0 0 3
Other (e>_<p|ain in narr_ative): Other 1 27 26 2 0 2 80
improper action
Unknown 0 15 10 13 2 2 42
Other (e;xplam in narratlve): No 0 27 12 12 0 2 53
improper action
Not Reported 0 0 0 0 0 0 0
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Percen;age of Animal 80.0%|100.0% 100.0% 100.0% 0.09 0.0% 93.8%
crashes -
nvolving one o Ran Traffic Signal 0.0%  0.09 0.0% 25.0% 0.0% 0.092.5%
more SMVs in Ran Stop Sign 0.0% 80.0% 66.7% 72.7% 0.0% 0.0% 69.2%
whichan SMV Crossed centerline 100.09%3.3% 37.5% 71.4% | 0.0% 0.0% 54.3%
is considered od
more FTYROW: At uncontrollel o o o 0 o o
responsible for intersection 0.0% | 50.0% 0.0% 77.8% 0.0% 0.0 52.6%
the crash than . S
any other | FTYROW: Makdng fghttum onl g oo | 0,004 0.0% 00% | 00% 00% 0.0%
vehicles 9
involved FTYROW: From stop sign 100.0%76.5% 100.0% 50.0% 0.0% 100.0%7.4%
FTYROW: From yield sign 0.0%9 100.0% 0.0% 33.3% 0.0% 0.09 37.5%
FTYROW: Making left turn 0.0%| 96.4% 50.0% 33.3% 0.09%9 0.0% 66.7%
FTYROW: From driveway 0.0% 71.4% 75.0% 73.3% 0.0% 75.0%71.1%
FTYROW: From parked positio 0.0% 100.0% 100.0% 66.7% 0.0% 0.0% 80.0%
FTYROW: To pedestrian 0.0% 0.0% 100.0% 100.0%  %6.70.0% | 37.5%
FTYROW: Other (explainin |44 g4 36 50 69.6% 90.9% | 25.0%83.3%]| 52.5%
narrative)
Traveling wrong way or on wrong g oo, | 50 gos 0.0% 100.0% | 0.0% 0.0% 73.7%
side of road
Driving too fast for conditions 0.09 31.8% 10.5% 95.0% 0.0%9 0.0% 45.9%
Exceeded authorized speed 0.0% 0.0% 0.0% 75.0 .@H% | 30.0%
Made improper turn 0.0% 88.2% 100.0% 50.0% 0.0% 100.0984.0%
Improper Lane Change 0.0% 0.0% 0.0% 0.0% 0.0%  0[000%
Followed too close 0.0% 8.0% 9.1% 80.0% 0.0% 100.2866%
Disregarded RR Signal 0.0% 0.0% 100.0% 0.0% 0/0%0%0|. 100.09
Disregarded Warning Sign 0.0% 0.0% 100.0% 0.0% 0/0%0% | 100.0%
Operating vehicle in an
erratic/reckless/careless/negligent/@.0% | 25.0% 33.3% 96.2% 0.0% 100.09%0.8%
ggressive manner
Improper Backing 0.0% 0.09 0.0% 0.0% 0.0% 0.0% 0.0%
lllegally Parked/Unattended 0.0% 0.0% 0.0% 0.0% %0.00.0% | 0.0%
Swerving/Evasive Action 100.0023.6% 46.2% 75.9% 33.3%100.0% 41.8%
Over correcting/over steering 0.0% 66.7% 50.0% 100.0% 0.0% 0.0% 72.7%
Downhill runaway 0.0%| 100.0% 66.7% 100.0% 0.0% 0.0% 80.0%
Equipment failure 0.0% 92.3% 100.0% 100.0% | 100.0%60.0% | 95.2%
Separation of units 0.0% 87.5% 100.0% 0.0% 0.0%9 0.0% 88.9%
Ran off road - right 100.0%89.5% 81.8% 100.0% | 100.0%0.0% | 90.3%
Ran off road - straight 0.0% 50.0% 0.0% 0.0% 0.0% 0.0% 50.0%
Ran off road - left 0.0%| 73.7% 50.0% 100.0% 0.0% 100.0968.6%
Lost Control 0.0%| 33.3% 46.2% 100.0% 0.0% 100.09%6.7%
Inattentive/distracted by: Passengér.0% | 0.0% 0.0% 100.0% 0.0% 0.0% 33.3%
Inattentive/distracted by: Use of o, | 0oy, 0.0% 100.0% | 0.0% 0.0% 33.3%
phone or other device
Inattentlve/dlst_racted by: Fallen 0.0% | 0.0% 0.0% 0.0% 0.0% 00% 0.0%
object
Inattentive/distracted by: | 50 | g 095 0.0% 00% | 00% 0.0% 0.0%
Fatigued/asleep
Other (explain in narrative): V|S|cn0_0% 42.9% 64.3% 60.0% 0.0% 00% 48.8%
obstructed
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8

Percen:]age of Oversized Load/Vehicle 0.0% 0.0% 100.0% 0.0% 0.0%.0%0| 100.09
crashes - -
involving one o Cargo/equipment loss or shift 0.0% 100/0% 100.0% 100.0% 0.09 0.0% 100.0%
more SMVs in| Other (explain in narrative): Othe
which anSMV improper action 100.094 38.0% 66.7% 96.0% 0.09%5 100.0%5.6%
is considered
more Unknown 0.0%| 62.59 71.4% 76.5% 18.2%66.7%| 60.9%
responsible for - Other (explain in narrative): No . 0 . . 0 11 oo
the crash than improper action 0.0% | 77.1% 66.7% 85.7% | 0.0% 50.0%46.9%
any other S S S S S S )
vehicles Not Reported 0.0% 0.0 0.0% 0.0% 0.0% 0.0% 0.0%
involved Total 61.1%)| 50.2% 54.8% 82.3% | 15.2%83.9% 59.8%
(continued)
Major cz:]use of Animal 1 0 0 0 0 0 1
crashes -
involving one o Ran Traffic Signal 2 3 0 0 7
more SMVs Ran Stop Sign 1 3 2 0
with matching Crossed centerline 14 5 2 0 0 21
circumstances
from theNon- FTYROW: At uncontrolled 0 3 5 5 1 1 9
SMV vehicle intersection
involved that . S
indicate more FTYROW: Ncljak_lng rllght turn on 0 0 0 0 5 1 6
responsibility of red signa
the particular FTYROW: From stop sign 0 4 0 8 3 0 15
Nog;s"gx]g:a” FTYROW: From yield sign 0 0 1 4 0 0 5
vehicle involved FTYROW: Making left turn 0 1 1 12 2 1 17
in the crash FTYROW: From driveway 0 4 1 4 1 1 11
FTYROW: From parked positiol 0 0 0 1 0 0 1
FTYROW: To pedestrian 0 0 0 0 5 0 5
FTYROW: Other (explain in
narrative) 0 33 7 ! 6 ! 48
Traveling wrong way or on wrong
side of road 0 5 0 0 0 0 5
Driving too fast for conditions 0 15 17 1 0 0 33
Exceeded authorized speed 0 4 2 1 0 0 7
Made improper turn 0 2 0 2 0 0 4
Improper Lane Change 0 0 0 0 0 0 o
Followed too close 2 23 10 3 2 0 40
Disregarded RR Signal 0 0 0 0 0 0 0
Disregarded Warning Sign 0 0 0 0 0 0 Q
Operating vehicle in an
erratic/reckless/careless/negligent/a 0 9 2 1 2 0 14
ggressive manner
Improper Backing 0 0 0 0 0 0 0
lllegally Parked/Unattended 0 0 0 0 0 0 0
Swerving/Evasive Action 0 55 7 7 2 0 71
Over correcting/over steering 0 2 1 0 0 Q 3
Downhill runaway 0 0 1 0 0 0 1
Equipment failure 0 1 0 0 0 0 1
Separation of units 0 1 0 0 0 0 1
Ran off road - right 0 4 2 0 0 0 6
Ran off road - straight 0 2 0 0 0 0 2
Ran off road - left 0 5 1 0 0 0 6
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Major cause of Lost Control 1 12 7 0 0 0 20
crashes
involving one of nattentive/distracted by: Passenger0 1 0 0 1 0 2
more SMVs
with matching : ; .
. Inattentive/distracted by: Use of
circumstances| phone or other device 0 4 0 0 0 0 4
from theNon-
SMV vehicle | Inattentive/distracted by: Fallen
involved that object 0 0 0 0 0 0 0
indicate more
responsibility o Inattent_ive/distracted by: 0 0 1 0 0 0 1
the particular Fatigued/asleep
SMV than any . o
other vehicle Other (expla|tr)1 |{1 nettrrgtlve). Visian 2 12 5 2 1 0 22
involved in the obstructe
crash Oversized Load/Vehicle 0 0 0 0 0 0 0
(continued) Cargo/equipment loss or shift 0 0 0 0 0 0
Other (explam in narr_atlve): Other 0 a4 13 1 6 0 64
improper action
Unknown 0 9 4 4 9 1 27
Other (gxplain in narrative): No 0 8 6 5 42 5 60
improper action
Not Reported 0 7 1 2 11 1 22

Percen;age of Animal 20.0%| 0.0% 0.0% 0.0% 0.09 0.0% 6.3%
crashes o
involving one o Ran Traffic Signal 100.094.00.0% 100.0% 75.0% 0.0% 0.0% 87.5%
more SMVs in Ran Stop Sign 0.0% 20.0% 33.3% 27.3% 100.0%0.0% | 30.8%
Whgl\}}l \f/i’\_‘O”' Crossed centerline 0.0% 46.7% 62.5% 28.6% 0.0% 0.0% 45.7%
is
considered mor  FTYROW: Atuncontrolled | o, | 50 o4 100.0% 22.2% | 100.09%00.0% 47.4%
respons|b|e fo intersection
the crash than . o
any other | FTYROW: 'V('jaK'”g rl'gh““m o 0.0% | 0.0% 0.0% 0.0% | 100.0%00.0%100.0%
vehicles red signa
involved in the FTYROW: From stop sign 0.09 23.500 0.0% 50.0% 100.0%0.0% | 32.6%
crash FTYROW: From yield sign 0.0% 0.0% 100.0% 66.7%  99.0 0.0% 62.5%
FTYROW: Making left turn 0.0%| 3.6 50.0% 66.7% 1@ 100.0% 33.3%
FTYROW: From driveway 0.099 28.6% 25.0% 26.7% 100.09%25.0%| 28.9%
FTYROW: From parked positiol 0.0% 0.0% 0.0% 33.3% 0.0% | 0.0%| 20.09
FTYROW: To pedestrian 0.0% 0.0% 0.0% 0.0% 83/3%0% | 62.5%
FTYROW: Other (explainin | 5o, | 63 50 30.4% 9.1% | 75.0%16.7%| 47.5%
narrative)
Traveling wrong way or on wrong  ~o o o o o o
side of road 0.0% | 50.0% 0.0% 0.0% 0.0% 0.0% 26.3%
Driving too fast for conditions 0.0 68.2% 89.5% 5.0% 0.0% 0.0% 54.1%
Exceeded authorized speed 0.0% 100.0% 100.0% 25.0% 0.0% 0.0% 70.0%
Made improper turn 0.0% 11.8% 0.0% 50.0% 0.0% 0.0% 16.0%
Improper Lane Change 0.0% 0.0% 0.0% 0.0% 0.0%  0[090%
Followed too close 100.0992.0% 90.9% 20.0% 100.0%0.0% | 71.4%
Disregarded RR Signal 0.0% 0.0% 0.0% 0.0% 0.0%  0/090%
Disregarded Warning Sign 0.0% 0.0% 0.0% 0.0% 0.0%0%0| 0.0%
Operating vehicle in an
erratic/reckless/careless/negligent/8.0% | 75.0% 66.7% 3.8% 100.0%0.0% | 29.2%
ggressive manner
Improper Backing 0.0% 0.09 0.0% 0.0% 0.0% 0.0% 0.0%
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Percenthage of lllegally Parked/Unattended 0.0% 0.0% 0.0% 0.0% %0.0 0.0% | 0.0%
crashes - - -
involving one o Swerving/Evasive Action 0.09 76.4% 53.8% 24.1% 66.7% 0.0% | 58.2%
more SMVs in QOver correcting/over steering 0.0% 33.3% 50.0% 0.0% 0.0% 0.0% 27.3%
Whg'cl 3’\_‘0“' Downhill runaway 0.0% 0.0% 33.3% 0.0% 0.0 0.0% 020
is
considered mor Equipment failure 0.0% 7.79 0.0% 0.0% 0.0% 0.0% 9%:*.8
responsible for Separation of units 0.0% 12.500 0.0% 0.0% 0.0% 0.0% 11.1%
thz ﬁ;ﬁﬂé?a” Ran off road - right 0.0% 10.5% 18.2% 0.0% 00% 00% 9.7%
vehicles Ran off road - straight 0.0% 50.0%% 0.0% 0.0% 0.0% 0.0% 50.0%
involved in the Ran off road - left 0.0%| 26.3% 50.0% 0.0% 0.0% 0.0% 21.4%
crash Lost Control 100.0%66.7% 53.8% 0.0% 0.0% 0.0% 23.3%
(continued)
Inattentive/distracted by: Passengé.0% | 100.0% 0.0% 0.0% 100.0%0.0% | 66.7%
Inattentive/distracted by: Use of o o o o o o
phone or other device 0.0% | 100.0% 0.0% 0.0% 0.0% 0.0% 66.7%
Inattentlve/dlst_racted by: Fallen 0.0% | 0.0% 0.0% 0.0% 00% 00% 0.0%
object
Inattentive/distracted by: | g o, | g g4 100.0% 00% | 00% 0.0% 100/0%
Fatigued/asleep
Other (explain in narrative): Visian 54 qo4 57 194 35.7% 40.0% | 100.0%0.0% | 51.2%
obstructed
Oversized Load/Vehicle 0.0% 0.0% 0.0% 0.0% 0.0% 9%0.00.0%
Cargo/equipment loss or shift 0.0% 0.0 0.0% 0.09% .0%0| 0.0% | 0.0%
Other (explain in narrative): Otherg o, | g5 oy 33.3% 40% | 100.0%0.0% | 44.4%
improper action
Unknown 0.0%| 37.59 28.6% 23.5% 81.89%033.3%| 39.1%
Other (explain in narrative). No g o, | 5 goq 33.3% 14.3% | 100.0%50.0%| 53.1%
improper action
Not Reported 0.0% 100.0% 100.0% 100.0% | 100.0900.0%100.0%
Total 38.9%| 49.8% 45.2% 17.7% 84.89%16.1%| 40.2%
Total Multiple . .
Vehicle Crashes Multiple Vehicle Crashes 18 514 209 199 96 25 106
Me}iprl cauie tIJf Animal 5 0 0 0 0 0 5
multiple vehic -
crashes Ran Traffic Signal 1 1 2 4 0 0 8
involving one o Ran Stop Sign 0 10 3 8 2 0 23
more SMVs Crossed centerline 1 29 8 7 0 0 45
FTYROW: At uncontrolled
intersection 0 6 2 9 1 1 19
FTYROW: Mak_lng right turn on 0 0 0 0 5 1 6
red signal
FTYROW: From stop sign 2 17 6 16 3 2 46
FTYROW: From yield sign 0 1 1 5 0 0 7
FTYROW: Making left turn 0 28 2 18 2 1 51
FTYROW: From driveway 0 14 4 15 1 4 38
FTYROW: From parked positiol 0 0 1 3 0 0 4
FTYROW: To pedestrian 0 0 0 0 5 0 5
FTYROW: Other (explain in 1 51 21 1 7 6 97
narrative)
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Major cause of Trayeling wrong way or on wron
multiple vehicle ey ’ 0| 10 0 6 o o 16
crashes
involving one or  Driving too fast for conditions 0 16 19 5 0 0 4Q
moret_SM\és Exceeded authorized speed Q 4 2 1 0 0 7
continue
( nued) Made improper turn 0 17 3 3 0 1 24
Improper Lane Change 0 0 0 0 0 0 o
Followed too close 2 25 11 15 2 1 56
Disregarded RR Signal 0 0 1 0 0
Disregarded Warning Sign 0 0 0 0 0 0
Operating vehicle in an
erratic/reckless/careless/negligent/a 0 11 3 11 2 1 28
ggressive manner
Improper Backing 0 0 0 0 0 0 0
lllegally Parked/Unattended 0 0 0 0 0 0 0
Swerving/Evasive Action 1 65 12 14 2 0 94
Over correcting/over steering 0 3 2 0 0 Q 5
Downhill runaway 0 1 2 0 0 0 3
Equipment failure 0 5 2 2 1 0 10
Separation of units 0 7 1 0 0 0 8
Ran off road - right 1 14 4 1 1 0 21
Ran off road - straight 0 2 0 0 0 0 2
Ran off road - left 0 10 1 0 0 0 11
Lost Control 1 15 11 10 0 1 38
Inattentive/distracted by: Passenger0O 1 0 0 1 0 2
Inattentive/distracted by; Use of 0 4 0 0 0 0 4
phone or other device
Inattentlve/d|st'racted by: Fallen 0 0 0 0 0 0 0
object
Inattent_lve/d|stracted by: 0 0 1 0 0 0 1
Fatigued/asleep
Other (explain in narrative): Visign 2 20 13 5 1 0 a1
obstructed
Oversized Load/Vehicle 0 0 0 0 0 0 0
Cargo/equipment loss or shift 0 1 1 0 0 0 2
Other (explam in narr_atlve): Other 1 69 38 16 6 2 132
improper action
Unknown 0 23 14 9 9 1 56
Other (gxplam in narratlve): No 0 28 17 5 4 2 94
improper action
Not Reported 0 6 1 0 3 1 11
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Major cause of

Animal

multiple vehicl
crashes

Ran Traffic Signal

involving one o

Ran Stop Sign

15

more SMVs

Crossed centerline

with matching
circumstances
from the SMV

FTYROW: At uncontrolled
intersection

10

involved that
indicate more
responsibility o

FTYROW: Making right turn on
red signal

theSMV than

FTYROW: From stop sign

13

31

any other

FTYROW: From yield sign

vehicle involved

FTYROW: Making left turn

27

34

FTYROW: From driveway

10

11

27

FTYROW: From parked positio

FTYROW: To pedestrian

FTYROW: Other (explain in
narrative)

49

Traveling wrong way or on wrong

side of road

11

Driving too fast for conditions

Exceeded authorized speed

Made improper turn

20

Improper Lane Change

Followed too close

16

Disregarded RR Signal

Disregarded Warning Sign

olo|®P|lo|®

olo|®Plol°
olo/Plolr

Operating vehicle in an
erratic/reckless/careless/negligen
ggressive manner

t/a0

14

Improper Backing

lllegally Parked/Unattended

Swerving/Evasive Action

©lo

Over correcting/over steering

Downhill runaway

Equipment failure

Separation of units

Ran off road - right

15

Ran off road - straight

Ran off road - left

Lost Control

Clo|glr|olo|@

J}OONHNH

OOOHOHO

18

Inattentive/distracted by: Passen

ger0

o

Inattentive/distracted by: Use o
phone or other device

f

0

Inattentive/distracted by: Fallen
object

Inattentive/distracted by:
Fatigued/asleep

Other (explain in narrative): Visio
obstructed

=]

19
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Me}iprl caushe tIJf Oversized Load/Vehicle 0 0 0 0 0 0 0
multiple vehic - - ;
crashes Cargo/equipment loss or shift 0 1 1 0 0 0 2
involving one or Other (explain in narrative): Other
more SMVs improper action 1 25 25 15 0 2 68
with matching
circumstances Unknown 0 14 10 5 0 0 29
from the SMV | Other (explain in narrative): No
involved that improper action 0 20 1 3 0 0 34
indicate more
responsibility o
theSMV than
any other Not Reported 0 0 0 0 0 0 0
vehicle involved
(continued)
Percentage of Animal 80.0%| 0.0% 0.0% 0.0% 0.09 0.0% 80.0%
multiple vehicl . o o o o o o
crashes Ran Traffic Signal 0.0% 0.0 0.0% 25.0% 0.0% 0.092.5%
involving one o Ran Stop Sign 0.0% 80.0% 66.7% 62.5% 0.0% 0.0% 65.2%
more slow Crossed centerline 100.0%1.7% 37.5% 71.4% 0.09%9 0.0% 53.3%
moving vehicle
in which asMv | FTYROW: Atuncontrolled | o, | 50 oy 0.0% 77.8% | 0.0% 0.0% 52.6%
is considered intersection
more FTYROW: Making right turn on
responsible for rod o galg 0.0% | 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
the crash than 9
any _other FTYROW: From stop sign 100.0046.5% 100.0% 50.0% 0.0% 100.0%7.4%
inv(‘)’ﬁgg'ﬁfthe FTYROW: From yield sign 0.0% 100.0% 0.0% 20.0% 0.0% 0.0% 28.6%
crash FTYROW: Making left turn 0.0%| 96.4% 50.0% 33.3% 0.0% 0.0% 66.7%
FTYROW: From driveway 0.0 71.4% 75.0% 73.3% 0.0% 75.0%71.1%
FTYROW: From parked positio 0.0% 0.0% 100.0% 66.7 | 0.0% | 0.0%| 75.0%
FTYROW: To pedestrian 0.0% 0.0% 0.0% 0.0% 0.0% %0.00.0%
FTYROW: Other (explainin |, 54 qo4 35 394 66.7% 90.9% | 14.3%83.3% 50.5%
narrative)
Traveling wrong way or on wrong e/ | 50 0o 0.0% 100.0% | 0.0% 0.0% 68.8%
side of road
Driving too fast for conditions 0.09 6.3% 10.5% B0. 0.0% | 0.0%| 17.5%
Exceeded authorized speed 0.0% 0.0% 0.0% 0.0% 0.@0% | 0.0%
Made improper turn 0.0% 88.2% 100.0% 33.3% 0.0% 100.0983.3%
Improper Lane Change 0.0% 0.0% 0.0% 0.0% 0.0%  0[090%
Followed too close 0.0% 8.0% 9.1% 80.0% 0.0% 100.28%6%
Disregarded RR Signal 0.0% 0.0% 100.0% 0.0% 0./0%0%0.100.09
Disregarded Warning Sign 0.0% 0.0% 0.0% 0.0% 0.0%0%0| 0.0%
Operating vehicle in an
erratic/reckless/careless/negligent/8.0% | 18.2% 33.3% 90.9% 0.0% 100.0960.0%
ggressive manner
Improper Backing 0.0% 0.09 0.0% 0.0% 0.0% 0.0% 0.0%
lllegally Parked/Unattended 0.0% 0.0% 0.0% 0.0% %0.0 0.0% | 0.0%
Swerving/Evasive Action 100.004.5.4% 41.7% 50.0% 0.0% 0.0% 24.50%
Over correcting/over steering 0.0% 33.3% 50.0% 0.0% 0.0% 0.0% 40.0%
Downhill runaway 0.0%| 100.0% 50.0% 0.0% 0.0% 0.0% 66.7%
Equipment failure 0.0% 80.0% 100.0% 100.0% 100.0%00.0% | 90.0%
Separation of units 0.0% 85.7% 100.0% 0.0% 0.0% 0.0% 87.50
Ran off road - right 100.0%71.4% 50.0% 100.0% 100.09%00.0% | 71.4%
Ran off road - straight 0.09 0.0% 0.0% 0.0% 0.0% 0%9.| 0.0%
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Vehicle Action

Percentage of Ran off road - left 0.0% 50.0% 0.0% 0.0% 00% 0.0% 455%
m“'t(':‘::’sxg*;":' Lost Control 0.0%| 20.0% 36.4% 100.0% | 0.0% 100.0%47.4%
involvi o
e sy, | Inattentive/distracted by: Passeng€.0% | 0.0% 0.0% 0.0% 00% 0.0% 0.0%
moving vehicles : erdi Sbv: Use of
in which aSMv/|  Inattentive/distracted by: Use of ) 0 . ) | L

which aSiy Shone of other device 0.0% | 0.0% 0.0% 0.0% 00% 0.0% 0.0%

more . .
responsible fo '”a“e”“"e’d('j)t.fged by: Fallen 4 a9 | 0.0% 0.0% 00% | 00% 00% 0.0%
the crash than )
any other i i .
kbl '”a“;;‘tti';ﬁf&fgsgfs bY: 1 0.0% | 0.0% 0.0% 00% | 00% 00% 0.0%
involved in the — : —
crqsh Other (explain in narrative): V|S|cn0_0% 40.0% 61.5% 60.0% 0.0% 00% 46.3%
(continued) obstructed
Oversized Load/Vehicle 0.0% 0.0% 0.0% 0.0% 0.0% %0/00.0%
Cargo/equipment loss or shift 0.0% 100/0% 100.0% 0.0% 0.0% 0.0% 100.0%
Other (efﬂglgr')gr”:é{fg:]"e): Othey 1 004 36.2% 65.8% 93.8% | 0.0% 100.0051.5%
Unknown 0.0%| 60.99 71.4% 55.6% | 0.0% 00% 5180%
Other (El’rff:)'fggérr‘ ggggarf“’e): NO' 0,006 | 71.4% 64.7% 60.0% | 0.0% 0.0% 36.2%
Not Reported 0.0% 0.09 0.0% 0.0% 00% 00% 0.0%
Total 61.1%) 42.5% 49.7% 68.6% | 7.1% 76.29648.8%

Movement Essentially Straight 10 318 113 248 X 22 107
Turning Left 1 188 24 34 0 0 247
Turning Right 1 24 5 29 2 2 63

Making U-Turn 0 4 4 7 0 4 19
Overtaking/passing 0 4 0 3 0 0 7
Changing Lanes 1 2 4 0 0 0
Entering Traffic Lane 0 3 2 0 0 1
Leaving Traffic Lane 0 1 0 0 0 0
Backing 0 7 34 4 0 0 45
Slowing/Stopping 0 9 2 10 0 0 21
Stopped for Sign/Signal 0 2 6 1 0 0 9
Legally Parked 0 9 8 1 0 0 18
lllegally Parked/Unattended 0 6 2 1 0 0 9
Not Reported 4 13 8 9 92 5 131
Other (explain in narrative) 1 9 14 26 0 5 55
Unknown 0 4 5 10 15 0 34
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least one SMV|

# SMVs in

Description SMV Crashes HorseFarm | Construction/Maintenangddoped/ATV|Bicycle| Other | Total
&
Buggy
# Crashes Total 10 382 62 120 8 9 591
involving at

Crashes in area:

Rural 10 382 62 120 8 9 591
Urban 0 0 0 0 0 0 0
Unknown 0 0 0 0 0 0 0

N
N

# of SMV Fatalities 18 11 36
Crashes With Major Injuries 2 30 5 37 1 0 75
crash severity| . —

of Minor Injuries 3 62 10 46 1 4 126
Possible/Unknown 0 70 9 15 2 3 99
Property Damage Only 5 202 36 11 0 1 255

# of Crashes NIGHT (Sunset-Sunrise) 83 4 30 2 127
involving one DAY (Sunrise - Sunset) 293 58 90 6 5 458
or more SMVs

during: Unknown 0 6 0 0 0 0 6
Night-to-Day Crash Ratio 0.66y 0.283 0.069 0.333 338.| 0.800| 0.277

# of Crashes AM Peak 2 27 13 4 1 0 47
involving one PM Peak 2 86 8 26 2 4 128
or more SMVs _

during: Midday (Offpeak) 51 12 11 0 0 74

(o))
[&)]

November

58

69

# of Crashes

December

22

# of Crashes January 2 4 0 4 21
érlj\::‘l)lovrlggSI(\)/ln\(/i February 0 9 6 2 0 0 17
during the March 1 12 3 10 0 0 26
following April 1 31 1 12 0 0 45
month: May 1 27 5 13 1 0 47
June 1 37 5 17 1 1 62
July 0 27 6 21 2 1 57
August 2 26 9 8 0 1 46
September 1 42 12 10 3 2 70
October 0 85 5 13 0 0 103
1 0 0
0 0 0

N o1
NN

28

involving one
or more SMVs

with surface

conditions of:

Dry 8 281 36 63 8 4 400
Wet 1 22 3 6 0 1 33
Ice 0 3 3 3 0 0 9
Snow 0 7 5 3 0 2 17
Slush 0 0 0 1
Sand/mud/dirt/oil/gravel 1 55 14 37 0 1 108

Water (standing/moving)

o

Other/Unknown/Not Reported

14

o

=

o| ©
o
o

N
w
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# SMVs in below 25 mph 0 1 0 0 0 0
crashes with 25-34 mph 0 4 0 4 0 1 9
speed limit of:
35-44 mph 0 3 0 6 0 0 9
45-54 mph 0 38 3 25 0 1 67
55-64 mph 5 305 49 68 0 6 43
65 mph and above 0 11 1 1 0 0 13
Unknown 5 24 9 27 8 1 74
- | | |
Major cause o Animal 3 1 0 7 0 0 11
_ crashes Ran Traffic Signal 0 0 0 0 0 0 0
involving one A
or more SMVs Ran Stop Sign 0 9 1 2 2 0 14
Crossed centerline 0 19 5 5 0 0 29
FTYROW: At uncontrolled 0 5 0 2 0 0 7
intersection
FTYROW: Making rightturnon 0 0 0 0 0 0 0
red signal
FTYROW: From stop sign 1 12 2 2 0 0 17
FTYROW: From yield sign 0 1 0 0 0 0 1
FTYROW: Making left turn 0 12 0 0 0 13
FTYROW: From driveway 0 12 1 11 0 0 24
FTYROW: From parked position 0 1 0 1 0 0 2
FTYROW: To pedestrian 0 0 0 0 0 0 0
FTYROW: Other (explain in 0 31 8 5 2 2 48
narrative)
Traveling wrong way or on wrong O 6 0 7 0 0 13
side of road
Driving too fast for conditions 0 19 7 9 0 0 35
Exceeded authorized speed a 2 0 2 0 4
Made improper turn 0 14 0 1 0 0 15
Improper Lane Change 0 0 0 0 0 0 0
Followed too close 1 11 3 4 1 0 20
Disregarded RR Signal 0 0 0 0 0 0 0
Disregarded Warning Sign 0 0 0 0 0 0 0
Operating vehicle in an 0 7 0 12 1 2 22
erratic/reckless/careless/negligent/a
ggressive manner
Improper Backing 0 0 0 0 0 0 0
lllegally Parked/Unattended 0 0 0 0 0 0 0
Swerving/Evasive Action 1 49 5 16 1 1 73
Over correcting/over steering 0 5 0 0 0 0 5
Downhill runaway 0 1 1 1 0 0 3
Equipment failure 0 11 1 1 0 0 13
Separation of units 0 2 0 0 0 0 2
Ran off road - right 1 23 6 4 0 0 34
Ran off road - straight 0 3 0 0 0 0 3
Ran off road - left 0 15 0 4 0 1 20
Lost Control 1 10 4 6 0 1 22
Inattentive/distracted by: 0 0 0 0 1 0 1
Passenger
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Major cause of Inattentive/distracted by: Use of 0 3 0 1 0 0 4
crashes phone or other device
involving one _ _
or more SMvs| Inattentive/distracted by: Fallen 0 0 0 0 0 0 0
(continued) object
Inattentive/distracted by: 0 0 1 0 0 0 1
Fatigued/asleep
Other (explain in narrative): 2 14 3 1 0 0 20
Vision obstructed
Oversized Load/Vehicle 0 0 1 0 0 1
Cargo/equipment loss or shift 0 0 0 1 0 1
Other (explain in narrative): Other 0 46 4 5 0 0 55
improper action
Unknown 0 12 1 5 0 19
Other (explain in narrative): No 0 22 8 3 0 34
improper action
Not Reported 0 4 0 1 0 0 5
Manner of Non-Collision 0 73 8 64 3 8 156
Crash/Collisior Head-on 1 11 6 8 0 0 26
Rear-end 4 105 21 15 1 0 146
Angle, oncoming left turn 1 18 0 3 0 0 22
Broadside 3 47 8 18 3 1 80
Sideswipe, same direction 1 89 12 8 g [0 110
Sideswipe, opposite direction 0 33 4 3 (0 [0 40
Unknown 0 2 2 0 1 0 5
Not Reported 0 4 1 1 0 0 6
Driver age of <15 0 5 0 22 0 0 27
SMVs involved 1520 2 31 0 38 0 5 76
in crashes
21-24 1 32 3 18 0 1 55
25-34 1 53 5 20 0 1 80
35-44 0 54 8 9 0 0 71
45-54 1 81 34 9 1 0 126
55-64 0 49 10 5 0 1 65
65-69 0 16 0 4 0 1 21
70+ 0 53 0 2 0 0 55
Unknown 5 12 2 4 7 0 30
Major cause o Animal 2 1 0 7 0 0 10
__ Crashes Ran Traffic Signal 0 0 0 0 0 0 0
involving one A
or more SMVs Ran Stop Sign 0 7 1 2 0 0 10
with matching Crossed centerline 0 11 4 0 0 17
circumstances -
from the SMV FTYROW. At ur_lcontrolled 0 3 0 2 0 0 5
. intersection
involved that
indicate more| FTYROW: Making right turnon 0 0 0 0 0 0 0
responsibility red signal
on the particula
SMV than any FTYROW: From stop sign 1 9 2 2 0 0 14
_other vehicle ™ FTYROW: From yield sign 0 1 0 0 0 0 1
involved in the| -
crash FTYROW: Making left turn 0 11 0 1 0 0 12
FTYROW: From driveway 0 10 1 10 0 0 21
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Major cause o
crashes

FTYROW: From parked position 0

involving one
or more SMVs

FTYROW: To pedestrian

with matching
circumstances
from the SMV

FTYROW: Other (explain in
narrative)

12

involved that
indicate more

Traveling wrong way or on wrong O

side of road

responsibility
on the particulg

Driving too fast for conditions

SMV than any

Exceeded authorized speed

other vehicle

Made improper turn

involved in the
crash

Improper Lane Change

(continued)

Followed too close

Disregarded RR Signal

Disregarded Warning Sign

ol o] ¥ ok
ol ol°lol°
o
ol ol ¥ o

Operating vehicle in an

erratic/reckless/careless/negligent/a

ggressive manner

0

12 0 2 16

Improper Backing

lllegally Parked/Unattended

o

o

Swerving/Evasive Action

[N

N

N
N
Ol o
N
N
o)

Over correcting/over steering

o

o

o
o

Downhill runaway

Equipment failure

Separation of units

Ran off road - right

Ran off road - straight

Ran off road - left

Lost Control

Plhl ol ol o of ©
w
=

Inattentive/distracted by:
Passenger

o
Ol ol o k|l ol o @

o
Olo| o 0 of »| ©

o
Ol nl o N o I P
o
Ol ol ol o ol o @

Inattentive/distracted by: Use @
phone or other device

_,,
o

Inattentive/distracted by: Fallen 0

object

Inattentive/distracted by:
Fatigued/asleep

Other (explain in narrative):
Vision obstructed

Oversized Load/Vehicle

Cargo/equipment loss or shift

Other (explain in narrative): Oth
improper action

17

5 0 0 24

Unknown

15

Other (explain in narrative): N@
improper action

15

2 0 1 26

Not Reported

0 0 0 0
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Percentage of Animal 66.7%]100.0% 0.0% 100.0% 0.0% 0.0% 90.9%
invgﬁf‘gegne Ran Traffic Signal 0.0% 0.0 0.0% 0.0% 0.0% 0.0% 09%.
or more SMVs Ran Stop Sign 0.0% 77.8% 100.0% 100.0% | 0.0% 0.0% 71.4%
in which an Crossed centerline 0.0% 57.9% 40.0% 80.0% 0.0 0.0% 58.6%
cgn“gi\(/jtlesred FTYROW: At uncontrolled 0.0% | 60.0% 0.0% 100.0% 0.0% 0.09 71.4%
intersection
more
responsible fof FTYROW: Making right turn on 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0%
the crash than red signal
any other
vehicles FTYROW: From stop sign 100.004'5.0% 100.0% 100.0% 0.0% 0.0% 82.4%
involved L” the[ FTYROW: From yield sign 0.09 100.0% 0.0% 0.0% 0.0%| 0.0% 100.0%
cras
FTYROW: Making left turn 0.0%| 91.7% 0.0% 100.0% 0.0% 0.09 92.3%
FTYROW: From driveway 0.099 83.3% 100.0% 90.9% 0.0% 0.0% 87.5M%
FTYROW: From parked position 0.0% | 100.0% 0.0% 100.0% 0.0% 0.0% 100.0%
FTYROW: To pedestrian 0.0% 0.0% 0.0% 0.0% 0.0% 9%0.0 0.0%
FTYROW: Other (explainin | 0.0% | 38.7% 50.0% 100.0% 0.0% 100.0947.9%
narrative)
Traveling wrong way or on wrong 0.0% | 66.7% 0.0% 100.0% 0.0% 0.0% 84.6%
side of road
Driving too fast for conditions 0.0% 31.6% 0.0% 100.0% 0.0% 0.0% 42.9%
Exceeded authorized speed 0.0% 0.0% 0.0% 50.0% 0.@0% | 25.0%
Made improper turn 0.0% 92.9% 0.0% 100.0% 0.0% 0.0% 93.3%
Improper Lane Change 0.0% 0.0% 0.0% 0.09 0.0% 0,0%0%
Followed too close 0.0% 0.0% 0.0% 75.0% 0.0% 0.09%.0%
Disregarded RR Signal 0.0% 0.0% 0.0% 0.0% 0.0% 0/0%0%
Disregarded Warning Sign 0.0% 0.0% 0.0% 0.0 0.0%.0%0, 0.0%
Operating vehicle in an 0.0% | 28.6% 0.0% 100.0% 0.0% 100.0042.7%
erratic/reckless/careless/negligent/a
ggressive manner
Improper Backing 0.0% 0.09 0.0% 0.0% 0.0% 0.0% 0.0%
lllegally Parked/Unattended 0.0% 0.0% 0.0% 0.0% %0.0 0.0% | 0.0%
Swerving/Evasive Action 100.0p20.4% 40.0% 75.0% 0.09% 100.0085.6%
Over correcting/over steering 0.0% 60.0% 0.0% 0.0% 0.0%| 0.0% 60.0%
Downhill runaway 0.0%| 100.0% 0.0% 100.0% 0.0% 0.0% 66.7%
Equipment failure 0.0% 90.9% 100.0% 100.0% 0.0% 0.0% 92.3%
Separation of units 0.0% 50.00% 0.0% 0.0% 0.0%| 0.0% 50.0%
Ran off road - right 100.09091.3% 83.3% 100.0% 0.0%¢ 0.0% 91.2%
Ran off road - straight 0.0% 66.706 0.0% 0.0% 0.0%| 0.0% 66.7%
Ran off road - left 0.0% 86.7% 0.0% 100.0% 0.0% 100.0p80.0%
Lost Control 0.0%| 30.0% 0.0% 100.0% 0.09% 100.0745.5%
Inattentive/distracted by: 0.0% | 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Passenger
Inattentive/distracted by: Use of 0.0% | 0.0% 0.0% 100.0% 0.0% 0.0% 25.0%
phone or other device
Inattentive/distracted by: Fallen 0.0% | 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
object
Inattentive/distracted by: 0.0% | 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Fatigued/asleep
Other (explain in narrative): | 0.0% | 42.9% 0.0% 0.0% 0.0%| 0.0% 30.0%
Vision obstructed
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Percentage of Oversized Load/Vehicle 0.0% 0.0% 100.0% 0.0% 0.0%.0%0| 100.09
invgﬁf‘gegne Cargo/equipment loss or shift]  0.0%  0.0% 0.0% 100.0%0.0% | 0.0%| 100.0%
or more SMVs Other (explain in narrative): Other0.0% | 37.0% 50.0% 100.0% 0.0% 0.0% 43.6%%
in which an improper action
oMV Unknown 0.0%| 66.79 100.0% 100.0% | 0.0% 100.09%8.9%
more Other (explain in narrative): Ng 0.0% | 68.2% 100.0% 66.7% 0.0% 100.0096.5%
responsible fo improper action
th‘;ﬁ;ﬁﬂ gr‘a Not Reported 0.0% 0.0 0.0% 00%|  00% 00% 0.0%
vehicles Total 50.0%)| 51.7% 39.6% 91.9% | 0.09% 100.0968.7%
involved in the
crash
(continued)
Major cause o Animal 1 0 0 0 0 0 1
__ crashes Ran Traffic Signal 0 0 0 0 0 0 0
involving one A
or more SMVs Ran Stop Sign 0 2 0 0 2 0 4
with matching Crossed centerline 0 8 3 1 0 0 12
ClreumstanceseryRow: At uncontrolied 0 2 0 0 0 0 2
from theNon- intersection
SMV involved
that indicate | FTYROW: Making right turnon 0 0 0 0 0 0 0
more red signal
responsibility
on the particulg FTYROW: From stop sign 0 3 0 0 0 0 3
NO”'SM:;than FTYROW: From vield sign 0 0 0 0 0 0 0
any other
vghicle FTYROW: Making left turn 0 1 0 0 0 0 1
involved inthe,  FTYROW: From driveway 0 2 0 1 0 0 3
crash FTYROW: From parked position 0 0 0 0 0 0 0
FTYROW: To pedestrian 0 0 0 0 0 0 0
FTYROW: Other (explain in 0 19 4 0 2 0 25
narrative)
Traveling wrong way or on wrong O 2 0 0 0 0 2
side of road
Driving too fast for conditions 0 13 7 0 0 0 20
Exceeded authorized speed a 2 0 1 ) 0 3
Made improper turn 0 1 0 0 0 0 1
Improper Lane Change 0 0 0 0 0 0 0
Followed too close 1 11 3 1 1 0 17
Disregarded RR Signal 0 0 0 0 0 0 0
Disregarded Warning Sign 0 0 0 0 0 0 0
Operating vehicle in an 0 5 0 0 1 0 6
erratic/reckless/careless/negligent/a
ggressive manner
Improper Backing 0 0 0 0 0 0 0
llegally Parked/Unattended 0 0 0 0 0 0 0
Swerving/Evasive Action 0 39 3 4 1 0 47
Over correcting/over steering 0 2 0 0 0 Q 2
Downhill runaway 0 0 1 0 0 0 1
Equipment failure 0 1 0 0 0 0 1
Separation of units 0 1 0 0 0 0 1
Ran off road - right 0 2 1 0 0 0 3
Ran off road - straight 0 1 0 0 0 0 1
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Major cause o Ran off road - left 0 2 0 0 0 0 2
_ crashes Lost Control 1 7 4 0 0 0 12
involving one , ,
or more SMVs Inattentive/distracted by: 0 0 0 0 1 0 1
with matching Passenger
ﬁg%’?}?ﬁgﬁ?‘ Inattentive/distracted by: Use of 0 3 0 0 0 0 3
SMV involved phone or other device
that indicate | Inattentive/distracted by: Falleh 0 0 0 0 0 0 0
more object
responsibility
on the particula Inattentive/distracted by: 0 0 1 0 0 0 1
Non-SMV than Fatigued/asleep
a\:lé/h(i)éreer Other (explain in narrative): 2 8 3 1 0 0 14
involved in the Vision obstructed
crash Oversized Load/Vehicle 0 0 0 0 0 0 0
(continued) - .
Cargo/equipment loss or shift 0 0 0 0 0 Q (0
Other (explain in narrative): Other 0 29 2 0 0 0 31
improper action
Unknown 0 4 0 0 0 0 4
Other (explain in narrative): No 0 7 0 1 0 0 8
improper action
Not Reported 0 4 0 1 0 0 5
Percentage of Animal 33.3%| 0.0% 0.0% 0.0% 0.0% 0.0% 9.1%
invglrs‘if]gegne Ran Traffic Signal 0.0% 0.09 0.0% 0.0% 0.0% 0.0% 09%.
or more SMVs Ran Stop Sign 0.0% 22.2% 0.0% 0.0% 100.0% 0.0% | 28.6%
in which aNon- Crossed centerline 0.0% 42.1% 60.0% 200% | 0.0% 0.0% 41.4%
oMVl [ FTYROW: Atuncontrolled | 0.0% | 40.0% 0.0% 00% | 00% 00% 28.6%
intersection
more
responsible for FTYROW: Making right turn o 0.0% | 0.0% 0.0% 0.0% 0.0% 0.0% 0.00%
the crash than red signal
any other
vehicles FTYROW: From stop sign 0.0% 25.000 0.0% 0.0% 0.0%| 0.0% 17.6%
involved L” the ™ FTYROW: From yield sign 0.0% 0.0% 0.0% 0.0% 0.0% .0% | 0.0%
cras
FTYROW: Making left turn 0.0% 8.3¢% 0.0% 0.0% 0.0%0.0% | 7.7%
FTYROW: From driveway 0.099 16.7% 0.0% 9.1% 0.0% 0.0% 12.5%
FTYROW: From parked position 0.0% | 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
FTYROW: To pedestrian 0.0% 0.0% 0.0% 0.0% 0.0% 9%0.0 0.0%
FTYROW: Other (explainin | 0.0% | 61.3% 50.0% 0.0% 100.0%0.0% | 52.1%
narrative)
Traveling wrong way or on wrong 0.0% | 33.3% 0.0% 0.0% 0.0%| 0.0% 15.4%
side of road
Driving too fast for conditions 0.0% 68.4% 100.0% 0.0% 0.0% 0.0% 57.1%
Exceeded authorized speed 0.0% 100.0% 0.0% 50.0% 0.0% 0.0% 75.0%
Made improper turn 0.0% 7.1% 0.0% 0.0% 0.0% 0.0% 7%6
Improper Lane Change 0.0% 0.0% 0.0% 0.09 0.0% 0,0%0%
Followed too close 100.09400.0% 100.0% 25.0% | 100.0%0.0% | 85.0%
Disregarded RR Signal 0.0% 0.0% 0.0% 0.0% 0.0% 0/0%0%
Disregarded Warning Sign 0.0% 0.0% 0.0% 0.0 0.0%.0%0, 0.0%
Operating vehicle in an 0.0% | 71.4% 0.0% 0.0% 100.0% 0.0% | 27.3%
erratic/reckless/careless/negligent/a
ggressive manner
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Percentage of Improper Backing 0.0% 0.09 0.0% 0.0% 0.0% 0.0% 0.0%
invg:\f‘;gegne lllegally Parked/Unattended 0.0% 0.0% 0.0% 0.0% %0.00.0% | 0.0%
or more SMVs Swerving/Evasive Action 0.0% 79.6% 60.0% 25.0% | 100.09%0.0% | 64.4%
in which aNon-|  Over correcting/over steering 0.0% 40.0% 0.0% 0.0% 0.0%| 0.0% 40.0%
SM.V IS Downhill runaway 0.0%| 0.0% 100.0% 0.0% 0.0% 0.0% .333
considered
more Equipment failure 0.09%9 9.19 0.0% 0.0% 0.0% 0.0% %.r
risponSiﬁleth Separation of units 0.0% 50.0% 0.0% 0.0% 0.0% 0.0% 50.0%
t t -
Zﬁ;ﬁhera Ran off road - right 00% 8.7% 16.7% 00%  00% 0.098.8%
vehicles Ran off road - straight 0.0% 33.30% 0.0% 0.0% 0.0%| 0.0% 33.3%
'”VO'(‘:’;O'S " the Ran off road - left 0.0% 13.3% 0.0% 00% | 0.0% 00% 10.0%
(continued) Lost Control 100.0%70.0% 100.0% 0.0% 0.0 0.0% 545
Inattentive/distracted by: 0.0% | 0.0% 0.0% 0.0% 100.0990.0% | 100.0%
Passenger
Inattentive/distracted by: Use af 0.0% | 100.0% 0.0% 0.0% 0.0%| 0.0% 75.0%
phone or other device
Inattentive/distracted by: Fallen 0.0% | 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
object
Inattentive/distracted by: 0.0% | 0.0% 100.0% 0.0% 0.0% 0.0% 100/0%
Fatigued/asleep
Other (explain in narrative): |100.0% 57.1% 100.0% 100.0% 0.0% 0.0% 70.0%
Vision obstructed
Oversized Load/Vehicle 0.0% 0.0% 0.0% 0.0% 0.0% 9%0.0 0.0%
Cargo/equipment loss or shift 0.0% 0.0% 0.0% 0.0% .0%0| 0.0% | 0.0%
Other (explain in narrative): Other0.0% | 63.0% 50.0% 0.0% 0.0% 0.0% 56.4%
improper action
Unknown 0.0%| 33.39 0.0% 0.0% 0.0% 0.0% 21.1%
Other (explain in narrative): Na 0.0% | 31.8% 0.0% 33.3% 0.0% 0.0% 23.5%
improper action
Not Reported 0.0% 100.0p6 0.0% 100.0% 0.0% 0.0% 100.0%
Total 50.0%| 48.3% 60.4% 8.1% 100.0%0.0% | 41.3%

Major cause o Animal 3 0 0 0 0 0 3
multiple vehicle Ran Traffic Signal 0 0 0 0 0 0 0
crashes A
involving one Ran Stop Sign 0 9 1 1 2 0 13
or more SMVs Crossed centerline 0 18 5 5 0 0 28
FTYROW: At uncontrolled 0 5 0 2 0 0 7
intersection
FTYROW: Making rightturnon 0 0 0 0 0 0 0
red signal
FTYROW: From stop sign 1 12 2 2 0 0 17
FTYROW: From yield sign 0 1 0 0 0 0 1
FTYROW: Making left turn 0 12 0 0 0 13
FTYROW: From driveway 0 12 1 11 0 0 24
FTYROW: From parked position 0 0 0 1 0 0 1
FTYROW: To pedestrian 0 0 0 0 0 0 0
FTYROW: Other (explain in 0 30 7 5 2 2 46
narrative)
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Major cause o
multiple vehicleg

Traveling wrong way or on wrong
side of road

crashes

involving one
or more SMVs
(continued)

Driving too fast for conditions

14 7

Exceeded authorized speed

N
o

Made improper turn

14

15

Improper Lane Change

Followed too close

11

20

Disregarded RR Signal

ol ol Pl ol @

o| ol ¥ o @

oo Pl ol

ool FPlo @

ool © ol @

Disregarded Warning Sign

Operating vehicle in an

ggressive manner

0

erratic/reckless/careless/negligent/a

0 14

Improper Backing

llegally Parked/Unattended

o
o

o

Swerving/Evasive Action

=

N
N
(&)

~

58

ol @
N

Over correcting/over steering

N
o

o

Downhill runaway

Equipment failure

Separation of units

Ran off road - right

Ran off road - straight

Ran off road - left

Clol ol o ol 0@

Lost Control

Pl ol o Pl oo @

o
Plol o w ok

o
Clol ol o ol 0@

Inattentive/distracted by:
Passenger

o
©
O | of o B P

[N

=)

Inattentive/distracted by: Use @
phone or other device

Inattentive/distracted by: Fallen
object

Inattentive/distracted by:
Fatigued/asleep

Other (explain in narrative):
Vision obstructed

13 3

Oversized Load/Vehicle

0 0

Cargo/equipment loss or shift

0

improper action

Other (explain in narrative): Other 0

45 4

Unknown

11 1

0 13

Other (explain in narrative): No
improper action

18 8

0 27

Not Reported

3 0

0 3
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Major cause o

Animal

multiple vehiclg

Ran Traffic Signal

crashes
involving one

Ran Stop Sign

or more SMVs

Crossed centerline

oY

with matching
circumstances
from the SMV

FTYROW: At uncontrolled
intersection

involved that
indicate more
responsibility

FTYROW: Making right turn on
red signal

on the SMV

FTYROW: From stop sign

14

than any othe

FTYROW: From yield sign

vehicle
involved in the

FTYROW: Making left turn

11

12

crash

FTYROW: From driveway

o| © O

10

R O o N

10

o| © ol o

o| © o o

21

FTYROW: From parked position 0

FTYROW: To pedestrian

FTYROW: Other (explain in
narrative)

11

21

Traveling wrong way or on wrong O

side of road

10

Driving too fast for conditions

0

Exceeded authorized speed

a

Made improper turn

Improper Lane Change

Followed too close

Disregarded RR Signal

0
0

0
0
0

ol o] ¥ ok

ol ol°lol°

Disregarded Warning Sign

Operating vehicle in an

erratic/reckless/careless/negligent/a

ggressive manner

0

Improper Backing

lllegally Parked/Unattended

o

o

o

Swerving/Evasive Action

[N

N

w

Over correcting/over steering

o

o

o

o

Downhill runaway

Equipment failure

Separation of units

Ran off road - right

Ran off road - straight

Ran off road - left

Lost Control

Inattentive/distracted by:
Passenger

o
Ol ol o k| ol o @

o
o
Ol ol M o P ©

o
Ol ol o o] ol O @

o
o
O| ol O o] @ @

Inattentive/distracted by: Use @
phone or other device

_,,
o

Inattentive/distracted by: Falle
object

n 0

Inattentive/distracted by:
Fatigued/asleep

Other (explain in narrative):
Vision obstructed
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Major cause o Oversized Load/Vehicle 0 0 0 0 0 0 0

m”“"ﬁ;;}’gg'de Cargo/equipment loss or shift 0 0 0 0 0 d

involving one | Other (explain in narrative): Other 0 16 2 1 0 0 19

or more SMVs improper action

with matching Unknown 0 7 1 1 0 0 9

circumstances

from the SMv| Other (explain in narrative): No 0 11 8 0 0 0 19

involved that improper action

indicate more

responsibility Not Reported 0 0 0 0 0 0 0

on the SMV

than any othe

vehicle
involved in the
crash
(continued)

Percentage of Animal 66.7%| 0.0% 0.0% 0.0% 0.0% 0.0% 66.7%
T:r']ti'gl's Ran Traffic Signal 0.0% 0.09 0.0% 0.0%| 0.0% 0.0% 0%.
crashes Ran Stop Sign 0.0% 77.8% 100.0% 100.0% | 0.0% 0.0% 69.2%

involving one Crossed centerline 0.0% 55.6% 40.0% 80.0% 0.0 0.0% 57.1%

or more SMVSTFTYROW: At uncontrolled | 0.0% | 60.0% 0.0% 100.0% | 0.0% 0.0% 71.4%
SMV is intersection

considered [ FTYROW: Making right turn on| 0.0% | 0.0% 0.0% 0.0% 0.0% 0.0% 0.00%
more red signal

responsile for

the crash than FTYROW: From stop sign 100.0045.0% 100.0% 100.0% 0.0% 0.0% 82.4%
an);]_otlher FTYROW: From yield sign 0.099 100.0% 0.0% 0.0% 0.0%| 0.0% 100.0%
vehicles

involved in the FTYROW: Making left turn 0.0%| 91.7% 0.0% 100.0% 0.0% 0.09 92.3%

crash FTYROW: From driveway 0.0% 83.3% 100.0% 90.9% 0.0% 0.0% 87.5%
FTYROW: From parked position 0.0%  0.0% 0.0% 100.09%0.0% | 0.0% | 100.0%
FTYROW: To pedestrian 0.0% 0.0% 0.0% 0.0% 0.0% 9%0.0 0.0%
FTYROW: Other (explainin | 0.0% | 36.7% 42.9% 100.0% 0.0% 100.0945.7%

narrative)
Traveling wrong way or on wrong 0.0% | 66.7% 0.0% 100.0% 0.0% 0.09 83.3%
side of road
Driving too fast for conditions 0.09 7.1% 0.0% 10%. 0.0% | 0.0%| 13.0%
Exceeded authorized speed 0.0% 0.0% 0.0% 0.0% 0.30% | 0.0%
Made improper turn 0.0% 92.9% 0.0% 100.0% 0.0% 0.0% 93.3%
Improper Lane Change 0.0% 0.0% 0.0% 0.09 0.0% 0,0%0%
Followed too close 0.0% 0.0% 0.0% 75.0% 0.0% 0.09%.0%
Disregarded RR Signal 0.0% 0.0% 0.0% 0.0% 0.0% 0/0%0%
Disregarded Warning Sign 0.0% 0.0% 0.0% 0.09 0.0%.0%0| 0.0%
Operating vehicle in an 0.0% | 16.7% 0.0% 100.0% 0.0% 0.0% 57.1%
erratic/reckless/careless/negligent/ag
gressive manner
Improper Backing 0.0% 0.09 0.0% 0.0% 0.0% 0.0% 0.0%
lllegally Parked/Unattended 0.0% 0.0% 0.0% 0.0% %0.0 0.0% | 0.0%
Swerving/Evasive Action 100.0p4.1.4% 40.0% 42.9% 0.0% 0.0% 19.0%
Over correcting/over steering 0.0% 0.0% 0.0% 0.0% .090| 0.0% | 0.0%
Downhill runaway 0.0%| 100.0% 0.0% 0.0% 0.0% 0.0% 50.0%
Equipment failure 0.0% 75.0% 100.0% 0.0% 0.0% 0.09 80.0%
Separation of units 0.0% 50.0%% 0.0% 0.0% 0.0%| 0.0% 50.0%
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Percentage of Ran off road - right 100.0%66.7% 66.7% 0.0% 0.0% 0.0% 70.0%
Tgr']ti'gl';’ Ran off road - straight 0.0% 0.0% 0.0% 00%  0.0% 0%. 0.0%
crashes Ran off road - left 0.0% 66.7% 0.0% 0.0% 0.0% 0.0% 66.7%
involving one Lost Control 0.0%| 12.5% 0.0% 0.0% 0.0% 0.0% 7.7%
or more SMV<y - ttentive/distracted by: Passenge.0% | 0.0% 0.0% 00% | 0.0% 00% 0.0%
in which an
SMV is
considered | |nattentive/distracted by: Use of 0.0% | 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
more phone or other device
responsible fg
the crash than [nattentive/distracted by: Fallen 0.0% | 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
any other object
vehicles - -
; ; Inattentive/distracted by: 0.0% | 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
involvedin the )
crash Fatigued/asleep
(continued) ["Gther (explain in narrative): Visidn0.0% | 38.5% 0.0% 0.0% | 0.0% 00% 26.3%
obstructed
Oversized Load/Vehicle 0.0% 0.0% 0.0% 0.0% 0.0% 9%0.0 0.0%
Cargo/equipment loss or shift 0.0% 0.0% 0.0% 0.0% .0%0| 0.0% | 0.0%
Other (explain in narrative): Other0.0% | 35.6% 50.0% 100.0% 0.0% 0.0% 38.0%
improper action
Unknown 0.0%| 63.69 100.0% 100.0% 0.0% 0.0% 69.2%
Other (explain in narrative): No| 0.0% | 61.1% 100.0% 0.0% 0.0% 0.0% 70.4%
improper action
Not Reported 0.09%9 0.09 0.0% 0.0% 0.0% 0.0% 0.0%
Total 50.0%| 42.2% 33.3% 84.5% 0.0% 100.0p46.7%
Vehicle Movement Essentially Straight 4 210 38 82 (0 € 340
Action Turning Left 1 115 7 10 0 0 133
Turning Right 1 16 1 7 0 0 25
Making U-Turn 0 3 0 4 0 3 10
Overtaking/passing 0 4 0 2 0 0 6
Changing Lanes 0 1 0 0 0 0 1
Entering Traffic Lane 0 3 1 0 0 0 4
Leaving Traffic Lane 0 0 0 0 0 0 0
Backing 0 4 7 3 0 0 14
Slowing/Stopping 0 6 0 6 0 0 12
Stopped for Sign/Signal 0 1 3 0 0 0 4
Legally Parked 0 1 0 0 0 0 1
lllegally Parked/Unattended 0 5 0 1 0 0 6
Not Reported 4 9 1 2 7 0 23
Other (explain in narrative) 0 5 4 11 0 0 2
Unknown 0 3 0 3 1 0 7
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APPENDIX C: COMPLETE VARIABLE DESCRIPTIONS



Complete Variable Descriptions

138

Variable Summary Description
x1 Report Type 1 1977 Officer
2 1977 Driver
3 Pre-1977 Driver
4 1979 Officer
5 1979 Driver
6 2001 Driver
7 2001 TraCS
8 2001 Officer
x2 First Harmful Event 11| Non-collision events: étrn/rollover
12 | Non-collision events: Jackknife
13 Non-collision events: Other non-collision (explain
narrative)
20 | Collision with: Non-motorist (see non-mototigbe)
21 | Collision with: Vehicle in traffic
22 | Caollision with: Vehicle in/from other roadway
23 | Collision with: Parked motor vehicle
24 | Collision with: Railway vehicle/train
25 | Collision with: Animal
26 | Collision with: Other non-fixed object (explamnarrative)
30 | Collision with fixed object: Bridge/bridge réaiverpass
31 | Collision with fixed object: Underpass/struetsupport
32 | Collision with fixed object: Culvert
33 | Collision with fixed object: Ditch/embankment
34 | Collision with fixed object: Curb/island/raisetedian
35 | Collision with fixed object: Guardrail
36 Collision with fixed object: Concrete barrier (ned or right
side)
37 | Collision with fixed object: Tree
38 | Collision with fixed object: Poles (utility ght, etc.)
39 | Collision with fixed object: Sign post
40 | Collision with fixed object: Mailbox
41 | Collision with fixed object: Impact attenuator
42 Collision with fixed object: Other fixed objectq@ain in
narrative)
50 | Miscellaneous events: Fire/explosion
51 | Miscellaneous events: Immersion
52 | Miscellaneous events: Hit and run
77 | Not Reported
99 | Unknown
x3 Manner of 1 Non-collision
Crash/Collision 2 Head-on
3 Rear-end
4 Angle, oncoming left turn
5 Broadside
6 Sideswipe, same direction
7 Sideswipe, opposite direction
9 Unknown
77 | Not Reported
x4 Major Cause 1 Animal
2 Ran Traffic Signal
3 Ran Stop Sign
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Major Cause (continued

N

Crossed centerline

FTYROW: At uncontrolled intersection

FTYROW: Making right turn on red signal

FTYROW: From stop sign

FTYROW: From yield sign

FTYROW: Making left turn

FTYROW: From driveway

FTYROW: From parked position

FTYROW: To pedestrian

FTYROW: Other (explain in narrative)

Traveling wrong way or on wrong side of road

Driving too fast for conditions

Exceeded authorized speed

Made improper turn

Improper Lane Change

Followed too close

Disregarded RR Signal

NN R(R(R R R R RR ke
B O|o|m|N|o|a| s w/ Nk o ® N oo

Disregarded Warning Sign

Operating vehicle in an

22 : . .
erratic/reckless/careless/negligent/aggressive erann
23 | Improper Backing
24 | lllegally Parked/Unattended
25 | Swerving/Evasive Action
26 | Over correcting/over steering
27 | Downhill runaway
28 | Equipment failure
29 | Separation of units
30 | Ran off road - right
31 | Ran off road - straight
32 | Ran off road - left
33 | Lost Control
34 | Inattentive/distracted by: Passenger
35 | Inattentive/distracted by: Use of phone or ptlevice
36 | Inattentive/distracted by: Fallen object
37 | Inattentive/distracted by: Fatigued/asleep
38 | Other (explain in narrative): Vision obstructed
39 | Oversized Load/Vehicle
40 | Cargo/equipment loss or shift
41 | Other (explain in narrative): Other impropeti@t
42 | Unknown
43 | Other (explain in narrative): No improper actio
77 | Not Reported
x5 Environmental 1 None apparent
Contributing 2 Weather conditions
Circumstances 3 Physical obstruction
4 Pedestrian action
5 Glare
6 Animal in roadway
7 Previous accident
8 Other (explain in narrative)
9 Unknown
77 | Not Reported
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x6

Weather Conditions

Clear

Partly cloudy

Cloudy

Fog/smoke

Mist

Rain

Sleet/hail/freezing rain

Snow

Severe winds

Blowing sand/soil/dirt/snow

Not Reported

Other (explain in narrative)

Unknown

X7

Light Conditions

Daylight

Dusk

Dawn

Dark - roadway lighted

Dark - roadway not lighted

Dark - unknown roadway lighting

Unknown

Not Reported

x8

Crashwide Surface
Conditions

Dry

Wet

Ice

Snhow

Slush

Sand/mud/dirt/oil/gravel

Water (standing/moving)

Other (explain in narrative)

Unknown

Not Reported

X9

County in which Crash
Occurred

Adair

Adams

Allamakee

Appanoose

Audubon

Benton

Black Hawk

Boone

Bremer

Buchanan

Buena Vista

Butler

Calhoun

Carroll

Cass

Cedar

Cerro Gordo

Cherokee

Chickasaw

Clarke

Clay

Clayton
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County in which Crash
Occurred
(continued)

23 | Clinton
24 | Crawford
25 | Dallas

26 | Davis

27 | Decatur
28 | Delaware
29 | Des Moines
30 | Dickinson
31 | Dubuque
32 Emmet
33 | Fayette
34 | Floyd

35 | Franklin
36 Fremont
37 Greene
38 | Grundy
39 | Guthrie
40 | Hamilton
41 | Hancock
42 | Hardin
43 | Harrison
44 | Henry

45 | Howard
46 | Humboldt
47 | lda

48 | lowa

49 | Jackson
50 | Jasper
51 | Jefferson
52 | Johnson
53 | Jones

54 | Keokuk
55 | Kossuth
56 Lee

57 | Linn

58 | Louisa
59 Lucas

60 | Lyon

61 | Madison
62 | Mahaska
63 | Marion
64 | Marshall
65 | Mills

66 | Mitchell
67 | Monona
68 | Monroe
69 | Montgomery
70 | Muscatine
71 | O'Brien
72 | Osceola
73 | Page

74 | Palo Alto
75 | Plymouth
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County in which Crash| 76 | Pocahontas
Occurred 77 | Polk
(continued) 78 | Pottawattamie
79 | Poweshiek
80 | Ringgold
81 | Sac
82 | Scott
83 | Shelby
84 | Sioux
85 | Story
86 | Tama
87 | Taylor
88 | Union
89 | Van Buren
90 | Wapello
91 | Warren
92 | Washington
93 | Wayne
94 | Webster
95 | Winnebago
96 | Winneshiek
97 | Woodbury
98 | Worth
99 | Wright
x10 Month of Crash 1 January
2 February
3 March
4 April
5 May
6 June
7 July
8 August
9 September
10 | October
11 | November
12 | December
x11 Day of Month Day of Month when crash occurred
x12 Year of Crash Year in which crash took place
x13 Time of Crash Time at which crash took plat24 hour system
7777| Not Reported
x14 Location of First 1 On Roadway
Harmful Event 2 Shoulder
3 Median
4 Roadside
5 Gore
6 Outside trafficway
9 Unknown
77 | Not reported.
x15 Time of Sunrise Sunrise time in State Center, 1A, on 15th day ohthdhe
crash occurred
x16 Time of Sunset Sunset time in State Center, |IA, on 15th day of timdime

crash occurred
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x17 Roadway Contributing| 1 None apparent
Circumstances 2 Road surface condition
3 Debris
4 Ruts/holes/bumps
5 Work Zone (construction/maintenance/utility)
6 Worn/travel-polished surface
7 Obstruction in roadway
8 Traffic control device inoperative/missing/obseair
9 Shoulders (none/low/soft/high)
10 | Non-highway work
11 | Non-contact vehicle
77 | Not reported.
99 | Unknown
x18 Type of Roadway 1 Non-intersection: No special feature
Junction/Feature 2 Non-intersection: Bridge/overpass/underpass
3 Non-intersection: Railroad crossing
4 Non-intersection: Business drive
5 Non-intersection: Farm/residential drive
6 Non-intersection: Alley intersection
7 Non-intersection: Crossover in median
8 Non-intersection: Other non-intersection (expiai narrative)
11 | Intersection: Four-way intersection
12 | Intersection: T - intersection
13 | Intersection: Y - intersection
14 | Intersection: Five-leg or more
15 | Intersection: Offset four-way intersection
16 | Intersection: Intersection with ramp
17 | Intersection: On-ramp merge area
18 | Intersection: Off-ramp diverge area
19 | Intersection: On-ramp
20 | Intersection: Off-ramp
21 | Intersection: With bike/pedestrian path
22 | Intersection: Other intersection (explain imratve)
77 | Not reported.
99 | Unknown
x19 Crash Severity 1 Fatality
2 Major Injury
3 Minor Injury
4 Possible/Unknown Injury
5 Property Damage Only
x20 Number of Fatalities Crashwide total of atbfdies.
x21 Number of Injuries Crashwide total of all in@s, excluding fatalities.
x22 Number of Major : L
i, Crashwide total of all major injuries.
Injuries
x23 Numbt_ar .Of Minor Crashwide total of all minor injuries.
Injuries
x24 Numbe_r o.f Possible Crashwide total of all possible injuries.
Injuries
X25 Number_ Of_ Unknown Crashwide total of all unknown injuries.
Injuries
x26 Amount of Property

Damage

Crashwide total of property damage, including nehicular.
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x21 Number o_f vehicles Number of vehicles involved in the crash.
involved in crash
x28 Number of Occupants Crashwide total of occtgamnall vehicles.
x29 Sequence of Events 1st 1 Ran off road, right
Event 2 Ran off road, straight
3 Ran off road, left
4 Crossed centerline/median
5 Animal or object in roadway
6 Evasive action (swerve, panic braking, etc.)
7 Downhill runaway
8 Cargo/equipment loss or shift
9 Equipment failure (tires, brakes, etc.)
10 | Separation of units
11 | Non-collision events: Overturn/rollover
12 | Non-collision events: Jackknife
13 Non-collision events: Other non-collision (explain
narrative)
20 | Collision with: Non-motorist (see non-mototigbe)
21 | Collision with: Vehicle in traffic
22 | Callision with: Vehicle in/from other roadway
23 | Collision with: Parked motor vehicle
24 | Collision with: Railway vehicle/train
25 | Collision with: Animal
26 | Collision with: Other non-fixed object (explamnarrative)
30 | Collision with fixed object: Bridge/bridge r@ierpass
31 | Collision with fixed object: Underpass/struetsupport
32 | Collision with fixed object: Culvert
33 | Collision with fixed object: Ditch/embankment
34 | Collision with fixed object: Curb/island/raisetedian
35 | Collision with fixed object: Guardrail
36 Collision with fixed object: Concrete barrier (ned or right
side)
37 | Collision with fixed object: Tree
38 | Collision with fixed object: Poles (utility ght, etc.)
39 | Collision with fixed object: Sign post
40 | Collision with fixed object: Mailbox
41 | Collision with fixed object: Impact attenuator
42 Collision with fixed object: Other fixed objectq@ain in
narrative)
50 | Miscellaneous events: Fire/explosion
51 | Miscellaneous events: Immersion
52 | Miscellaneous events: Hit and run
77 | Notreported
99 | Unknown
x30 SequencEevgrf]tEvents 2nd See Sequence of Events 1st Event
x31 Sequen(é?l;:tEvents 3rd See Sequence of Events 1st Event
x32 Sequen;ié);tEvents 4t See Sequence of Events 1st Event
X33 Most Harmful Event See Sequence of Eventgisht
X34 Driver Age Age of driver from Date of BirthéCrash Date
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x35

Male

Male

Other

x36

Female

Female

Other

x37

Charged

Yes

No

Not applicable.

Unknown

Not reported.

X38

Alcohol Test

None

Administered

Blood

Urine

Breath

Vitreous

oluawnkYjojwn

Refused

~
~

Not reported.

X39

Alcohol Test Results

Blood Alcohol Contentdiecimal format

x40

Drug Test Administered

=

None

Blood

Urine

O WN

Refused

~
~

Not reported.

x41

Drug Test Results

=

Positive

N

Negative

~
~

Not reported.

x42

Driver Condition

=

Apparently normal

Physical impairment

Emotional (e.g. depressed/angry/disturbed)

lllness

Asleepl/fainted/fatigued/etc.

Under the influence of alcohol/drugs/medications

Other (explain in narrative)

Unknown

Not reported.

x43

Driver Contributing
Circumstances

Ran traffic signal

Ran stop sign

Exceeded authorized speed

Driving too fast for conditions

Made improper turn

Traveling wrong way or on wrong side of road

Crossed centerline

Lost Control

(QCD\IO)U‘I#OOI\)I—‘Z‘LOCDO)U‘I#CDI\)

Followed too close

[E=Y
o

Swerved to avoid: vehicle/object/non-motorist/oinaa in
roadway

=
=

Over correcting/over steering

=y
N

Operating vehicle in an
erratic/reckless/careless/negligent/aggressive srann

[E=Y
w

FTYROW: From stop sign

[EEN
i

FTYROW: From yield sign

[N
(2}

FTYROW: Making left turn

[N
(o2}

FTYROW: Making right turn on red signal

(=Y
~

FTYROW: From driveway
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Driver Contributing 18 | FTYROW: From parked position
Circumstances 19 | FTYROW: To pedestrian
(continued) 20 | FTYROW: At uncontrolled intersection
21 | FTYROW: Other (explain in narrative)
22 | Inattentive/distracted by: Passenger
23 | Inattentive/distracted by: Use of phone or otlevice
24 | Inattentive/distracted by: Fallen object
25 | Inattentive/distracted by: Fatigued/asleep
26 | Other (explain in narrative): Vision obstructed
27 | Other (explain in narrative): Other impropeti@at
28 | Other (explain in narrative): No improper antio
77 | Not reported.
99 | Unknown
x44 Visions Obscurement Not obscured
2 Trees/crops
3 Buildings
4 Embankment
5 Sign/billboard
6 Hillcrest
7 Parked vehicles
8 Moving vehicles
9 Person/object in or on vehicle
10 | Blinded by sun or headlights
11 | Frosted windows/windshield
12 | Blowing snow
13 | Fog/smoke/dust
77 | Not reported.
88 | Other (explain in narrative)
99 | Unknown
x45 lowa Drivers License 1 Drivers License State = lowa
State 0 Other Drivers License State or not reported
x46 Other Drivers License 1 Drivers License State = State other than lowa;Lelnh states
State not reported
0 Other Drivers License State or not reported
x47 Driver Age bins 1 DriverAge < 14
2
3
4
5
6
7
8
9

DriverAge = 14

DriverAge = 15

DriverAge = 16

DriverAge = 17

DriverAge = 18

DriverAge = 19

DriverAge = 20

DriverAge >= 21 and DriverAge <= 24

10 | DriverAge >= 25 and DriverAge <= 29
11 | DriverAge >= 30 and DriverAge <= 34
12 | DriverAge >= 35 and DriverAge <= 39
13 | DriverAge >= 40 and DriverAge <= 44
14 | DriverAge >= 45 and DriverAge <= 49
15 | DriverAge >= 50 and DriverAge <= 54
16 | DriverAge >= 55 and DriverAge <= 59
17 | DriverAge >= 60 and DriverAge <= 64
18 | DriverAge >= 65 and DriverAge <= 69
19 | DriverAge >= 70 and DriverAge <= 74
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Driver Age bins
(continued)

20

DriverAge >= 75 and DriverAge <= 79

21

DriverAge >= 80 and DriverAge <= 84

22

DriverAge >= 85 and DriverAge <= 89

23

DriverAge >= 90 and DriverAge <= 94

24

DriverAge >= 95 and DriverAge <= 98 (actually, 898 and
greater)

77

Not reported.

99

Unknown

x48*

Driver License Class A

Driver License Cl#sRestriction

Other Driver License Restriction Class

x49

Driver License Class B

Driver License ClasRdtriction

Other Driver License Restriction Class

x50

Driver License Class C

Driver License Cladkdstriction

Other Driver License Restriction Class

x51

Driver License Class D

Driver License ClasBé&striction

Other Driver License Restriction Class

x52

Speed Limit

Speed limit of road on which SM¥satraveling.

x53

Traffic Control

No controls present

Traffic signals

Flashing traffic control signal

Stop signs

Yield signs

No Passing Zone (marked)

Warning sign

School zone signs

Railway crossing device

Traffic director

Workzone signs

Not reported.

Other control (explain in narrative)

Unknown

x54

Vehicle Configuration

Passenger car

Four-tire light truck (pick-up/panel)

Van or mini-van

Sport utility vehicle

Single-unit truck (2-axle/6-tire)

Single-unit truck (>= 3 axles)

Truck/trailer

Truck tractor (bobtail)

Tractor/semi-trailer

Tractor/doubles

Tractor/triples

Other heavy truck (cannot classify)

Motor home/recreational vehicle

Motorcycle

Moped/All-Terrain Vehicle

School bus (seats > 15)

Small school bus (seats 9-15)

Other bus (seats > 15)

Other small bus (seats 9-15)

Farm vehicle/equipment

Maintenance/construction vehicle

Train
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Vehicle Configuration | 23 | Other (explain in narrative)
(continued) 77 | Not reported.
99 | Unknown
x55 Vehicle Year Model Year of SMV in Crash
7777| Not Reported
x56 Emergency Vehicle Type 1 Not applicable
2 Police
3 Fire
4 Ambulance
5 Towing
6 Military
7 Maintenance
9 Unknown
77 | Not reported.
x57 Emergency Status 1 Yes - in emergency
2 No - not in emergency
3 Not applicable
9 Unknown
77 | Not reported.
x58 Total Occupants Occupants in SMV
777 | Not Reported
x59 Cargo Body Type 1 Not applicable
2 Truck Cargo Type: Van/enclosed box
3 Truck Cargo Type: Dump truck (grain/gravel)
4 Truck Cargo Type: Cargo tank
5 Truck Cargo Type: Flatbed
6 Truck Cargo Type: Concrete mixer
7 Truck Cargo Type: Auto transporter
8 Truck Cargo Type: Garbage/refuse
9 Truck Cargo Type: Other truck cargo type (explain
narrative)
10 | Trailer type: Small utility (one axle)
11 | Trailer type: Large utility (2+ axles)
12 | Trailer type: Boat
13 | Trailer type: Camper
14 | Trailer type: Large mobile home
15 | Trailer type: Oversize load
16 | Trailer type: Towed vehicle
17 | Trailer type: Pole
18 | Trailer type: Other trailer type (explain irrraive)
77 | Not reported.
99 | Unknown
x60 Vehicle Action 1 Movement essentially straight
2 Turning left
3 Turning right
4 Making U-turn
5 Overtaking/passing
6 Changing lanes
7 Entering traffic lane (merging)
8 Leaving traffic lane
9 Backing
10 | Slowing/stopping
11 | Stopped for stop sign/signal
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Vehicle Action
(continued)

Legally Parked

lllegally Parked/Unattended

Other (explain in narrative)

Not reported.

Unknown

x61

Point of Initial Impact

Front

Passenger side - front

Passenger side - middle

Passenger side - rear

Rear

Driver side - rear

Driver side - middle

Driver side - front

Top

Under-Carriage

Not reported.

©|~|2
83y Blox~Nouvswn

Unknown

X62

Most Damaged Area

Front

Passenger side - front

Passenger side - middle

Passenger side - rear

Rear

Driver side - rear

Driver side - middle

Driver side - front

Top

Under-Carriage

Not reported.

©|~|
8 JB|o|o|No|osw(N

Unknown

X63

Extent of Damage

(=Y

None

Minor damage

Functional damage

Disabling damage

Severe - vehicle totaled

Unknown

\‘
\‘LOU'I-bQ)l\)

Not reported.

X64

Underride/Override

=

None

Underride - compartment intrusion

Underride - no compartment intrusion

Underride - compartment intrusion unknown

Override - moving vehicle

Override - parked/stationary vehicle

Unknown

\‘
\ICQCDU'I#Q)N

Not reported.

X65

Approximate Cost to
Repair or Replace

Estimated dollar value of repairs to vehicle

X66

Rural

Rural

Other

X67

Urban

Urban

Other

X68

Unknown

Unknown Location

Other
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X69 Motorcycle License 1 Driver of SMV had Motoréyd.icense
Driver of SMV did not have Motorcycle License
SEVERITY Crash Severity 0 | x19=5; Property Damage Only
1 | x19=3 or x19=4; Minor Injury or Possible/UnknoWwrjury
2 | x19=2 or x19=1; Major Injury or Fatality
MULTVEH More than 1 vehicle in 1 | x27>1; multiple vehicle collision
Crash 0 | x27=1; single vehicle collision
DARK Dark Environmental X7=4 or x7=5 or x7=6; dark condition with eitheadway
Light Conditions 1| lighted, roadway not lighted, or unknown roadwaghting
conditions
0 | Other conditions
REAREND Rear-end Collision 1 | X3=3; Manner of Collision = Rear-end
0 | Manner of collision was not rear-end
OLDCAR Age of the vehicle is 1| (x12-x55)>29; Vehicle is older than 29 years
greater than 29 years (age
acc:)::i\(/jizltc lr'?]ilr?u)ée;er;rfof 0 | Vehicle is not older than 29 years
car)
OLD Age of Driver is older 1 | x34>59; Driver of SMV is over 59 years old
than 59 years 0 | Driver of SMV is not over 59 years old
STRAIGHT | Movement of SMV was 1 | x60=1; Essentially Straight Vehicle Movement
Essentially Straight 0 | Other Vehicle Movement
FSTHMOFF | First Harmful Event was x14>1 and x14<9; Location of First Harmful Eventswva
off the roadway either: on the shoulder, median, roadside, goreutside the
trafficway
0 x14=1 or x14=9 or x14=77; Location of first harméuent
was either on the roadway, unknown, or not reported
FALL Crash was during Fall 1 | 8<x10<12; Crash month is September, Octoberowekhber
Season 0 Crash Month was in a month other than Septembedob@c,
or November
SUMMER Crash was during 1 | 5<x10<9; Crash month is June, July, August
Summer Season 0 | Crash month was in a month other than June, duliugust
YOUNG Driver of Farm Vehicle 1 | x34<26; Driver of Farm Vehicle is 25 years of ageinder
s 25 yﬁﬁ(rjse?f age or 0 | Driver of Farm Vehicle is over 25 years of ageioknown
x48 Driver License Class A 1 | Driver License Class A Restriction
0 | Other Driver License Restriction Class
x66 Rural 1| Rural
0 | Other

*variable is described in the CDL Vehicle/Licensas3ification System
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CDL Vehicle/License Classification System

Type "A" Vehicle/Class "A" CDL

Any combination of vehicles with a GCWR of 26,001 or more pounds, provided the GVWR
of the vehicle(s) being towed is in excess of 10,000 pounds.

The holders of a Class A license may, with appropriate endorsements, operaesvehi

within Types B and C.

Type "B" Vehicle/Class "B" CDL

Any single vehicle with a GVWR of 26,001 or more pounds, or any such vehicle towing a
vehicle not in excess of 10,000 pounds GVWR. The holders of a Class B license may, with
appropriate endorsements, operate vehicles within Type C.

Type "C" Vehicle/Class "C" CDL

Any single vehicle less than 26,001 pounds GVWR, or any such vehicle towing a vehicle not
in excess of 10,000 pounds GVWR. This group applies only to vehicles which are placarded
for hazardous material or designed to transport 16 or more persons, including théaddver
similar-size passenger vehicles designed to transport a fewer number oappadipersons

and has a GVWR of 10,001 or more pounds).

CDL fees: $16 - 2 years / $40 - 5 years (initial and renewal) plus applicadiesement or
restriction fees.



APPENDIX D: COMPLETE MODEL OUTPUTS

Total Data Initial Model for Transferability Test

Ordered Probability Mdel
Maxi mum Li kel i hood Esti mat es
Mode

estimated: Sep 30, 2008 at 09:24:48PM

Dependent vari abl e SEVERI TY
Wei ghting variabl e None
Nurmber of observations 598
Iterations conpleted 12
Log likelihood function -539. 5506
Restricted log |ikelihood -558. 3204
Chi squared 37.53963

Degrees of freedom 7

Prob[ Chi Sqd > val ue] = . 3705361E- 05

Underl ying probabilities based on Nornal
Cel | frequencies for outcones

Y Count Freq Y Count Freq Y Count Freq
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0 337 .563 1 194 .324 2 67 .112
o e m e e e e e e e e e e e e e e e e e e e e e e +
R . T - e T T +
| Variable | Coefficient | Standard Error | b/ St. | P[| Z| >z] Mean of X|
- N e N T T +
Index function for probability
Const ant -. 2221808398 . 18240209 -1.218 . 2232
MULTVEH -. 2085313376 . 16253345  -1.283 . 1995 . 86622074
DARK . 3546941028 . 12568535 2.822 . 0048 . 18227425
X48 -. 2317204270 .11919625 -1.944 . 0519 . 23913043
OLDCAR . 3682660393 . 13871580 2. 655 . 0079 . 13377926
oD . 1739050231 . 11447569 1.519 . 1287 . 23411371
STRAI GHT . 2317738731 . 10204544 2.271 . 0231 . 52341137
FSTHMOFF . 1592366862 . 16507952 965 . 3347 . 12541806
Threshol d paranmeters for index
Mu( 1) 1.107075132 . 69883013E-01 15. 842 . 0000
(Note: E+nn or E-nn neans multiply by 10 to + or -nn power.)
Matrix: Las
[9.4]
e
| Cross tabul ation of predictions. Rowis actual, colum is predicted.
| Mbdel = Probit Prediction is nunber of the nost probabl e cell.
. S S S S S S R TS e S S
|ActuaI|RowSun1 o] 11 2] 31| 4] 5 6 | 8 | 9
. R T S . . . . S S TS T : .
| 0| 337| 316]| 21| 0]
| 1] 194 171 23| 0]
| 2| 67| 50| 17| 0]
e S S TS S . S R TS e S S
| Col Sun1 3164| 537| 61| 0| 0] 0] 0] 0] 0] 0] 0]
R T T R LTS Sy R TET TS ey e . :
Sum 1370| 531| 67| 0| 0| (o] (o] (o] 0|



Single Vehicle Crashes Model for Transferability Test

Ordered Probability Mdel
Maxi mum Li kel i hood Esti nates
Model estimated: Sep 30, 2008 at 09:57: 26PM

Dependent vari abl e SEVERI TY
Wei ghting variable None
Nunber of observations 80
Iterations conpleted 11
Log likelihood function -78.43699
Restricted log |ikelihood - 83. 60915
Chi squared 10. 34433
Degrees of freedom 6
Prob[ Chi Sqd > val ue] = . 1108805

Under | yi ng probabilities based on Norma
Cel | frequencies for outcones
Y Count Freq Y Count Freq Y Count Freq

0 37 .462 1 27 .337 2 16 . 200

e o s +
[ SR S Fomm e m e - o [ [ R, +
| Variable | Coefficient | Standard Error |b/St.Er.|P[|Z >z] | Mean of X
[ S S Fomm e mm - - [ [ +
I ndex function for probability
Const ant -. 2464055339 . 34018068 -.724 . 4689
DARK . 1316365466 . 39502247 . 333 . 7390 . 13750000
X48 . 6355093766E- 01 . 31991273 . 199 . 8425 . 23750000
OLDCAR . 7856015672 . 33172654 2. 368 . 0179 . 20000000
oD . 2014052532 . 32188241 . 626 . 5315 . 22500000
STRAI GHT -. 1487391041 . 32352111 -.460 . 6457 . 78750000
FSTHMOFF . 4529181377 . 27244689 1.662 . 0964 . 52500000
Threshol d paranmeters for index
Mu( 1) 1.024471978 . 17163710 5. 969 . 0000
(Note: E+nn or E-nn neans multiply by 10 to + or -nn power.)

Matrix: Las
[8.4]

| Cross tabul ation of predictions. Rowis actual

| Model = Probit

| Actual|Row Sum{ O | 1 | 2 | 3 | 4

Fomm o Fomm o +o-m - - Ho-m - - Ho- - - - Ho-m - - H--m - - +
0] 37| 32| 5] 0

| 1 27 19| 2| 6

| 2] 16| 10| 1] 5

Fomm o Fomm o +o-m - - +-- - - - Ho-m - - +o-m - - Ho-m - - +

| Col Sum 5154 61| 8| 11| 0] 0

Fomm o Fomm o +o-m - - +-- - - - Ho-m - - +o-m - - H--mm - - +

Prediction is nunber of the nost

colum is predicted.
probabl e cell. |
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Multiple Vehicle Crashes Model for Transferability Test

e
Ordered Probability Mdel
Maxi mum Li kel i hood Esti nates

Model

Pr ob[ Chi Sqd > val ue]

estimated: Sep 30, 2008

Dependent vari abl e SEVERI TY
Wei ghting variable None
Nunber of observations 518
Iterations conpleted 11
Log likelihood function -457. 1571
Restricted log |ikelihood -471. 1244
Chi squared 27.93448
Degrees of freedom 6

at 09: 55: 42PM

. 9666952E- 04

Under | yi ng probabilities based on Norma

Cel | frequencies for outcones
Y Count Freq Y Count Freq Y Count Freq

0 300 .579 1 167 .322 2 51 .098
Fro m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e m -
[ SR S Fomm e m e - o
| Variable | Coefficient | Standard Error |b/St.Er
[ S S Fomm e mm - -
I ndex function for probability
Const ant -. 4048688910 .92886733E-01  -4.359
DARK . 3675166792 . 13379980 2.747
X48 -.2876888328 . 12956214  -2.220
OLDCAR . 2510433634 . 15524755 1.617
oD . 1869284159 . 12337949 1.515
STRAI GHT . 2638182154 . 10826086 2.437
FSTHMOFF - . 3618854242E- 01 . 21925984 -.165
Threshol d paranmeters for index
Mu( 1) 1. 136748820 . 77641390E- 01 14. 641
(Note: E+nn or E-nn neans multiply by 10 to +

Matrix: Las

[8.4]

o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m . mm——— - =
| Cross tabul ation of predictions. Rowis actual, colum
| Model = Probit . Prediction is nunmber of the nost
Fomm o Fomm +o- - - - +-- - - - Ho-m - - H--m - - F Ho- - - -
| Actual|Row Sum{ O | 1 | 2 | 3 | 4 5 ] 6
Fomm o Fomm o +o-m - - +-- - - - Ho-m - - +o-m - - B +-- - - -
| 0] 300] 292] 8| 0

| 1| 167| 155]| 12| 0

| 2] 51| 45| 6] 0

Fomm o Fomm o +o-m - - +-- - - - Ho-m - - +o-m - - F Ho- - - -
| Col Sum 5074 492] 26| 0] 0] 0] 0] 0
Fomm o Fomm o +o-m - - +-- - - - Ho-m - - +o-m - - B +-- - - -

. 0000
. 0060
. 0264
. 1059
. 1298
. 0148
. 8689

. 0000

154

. 18918919
. 23938224
. 12355212
. 23552124
. 48262548
. 63706564E- 01

or -nn power.)

+

is predicted. |
probabl e cell. |
Ho-m - - H--m - - Ho- - - - +
[ 71 8 | 9 |
+o-m - - +-- - - - Ho-m - - +
Ho-m - - H--m - - Ho- - - - +
I Y Y Y
+o-m - - +-- - - - Ho-m - - +
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Total Data Initial Model for Transferability Test

Ordered Probability Mdel
Maxi mum Li kel i hood Esti nates
Model estimated: Sep 30, 2008 at 09:51: 08PM

Dependent vari abl e SEVERI TY
Wei ghting variable None
Nunber of observations 598
Iterations conpleted 11
Log likelihood function -540. 1444
Restricted log |ikelihood - 558. 3204
Chi squared 36. 35214
Degrees of freedom 6
Prob[ Chi Sqd > val ue] = . 2353880E- 05

Under | yi ng probabilities based on Norma
Cel | frequencies for outcones

Y Count Freq Y Count Freq Y Count Freq

0 337 .563 1 194 .324 2 67 .112

e o o +
[ SR S Fomm e m e - o [ [ R, +
| Variable | Coefficient | Standard Error |b/St.Er.|P[|Z >z] | Mean of X
[ S S Fomm e mm - - B R L Ty +
I ndex function for probability
Const ant -. 5229656896 . 10797170 -4.844 . 0000
X66 . 1962161376 . 10277633 1. 909 . 0562 . 64548495
DARK . 3188140578 . 12510934 2.548 . 0108 . 18227425
X48 -. 2407092699 .11918625 -2.020 . 0434 . 23913043
OLDCAR . 3929388205 . 13783065 2.851 . 0044 . 13377926
oD . 1713134473 . 11445307 1. 497 . 1344 . 23411371
STRAI GHT . 2656272924 . 99700621E-01 2.664 . 0077 . 52341137
Threshol d paranmeters for index
Mu( 1) 1.103726747 . 69597773E-01 15. 859 . 0000
(Note: E+nn or E-nn neans multiply by 10 to + or -nn power.)

Matrix: Las

[8.4]
e o o e e e e e s +
| Cross tabulation of predictions. Row is actual, colum is predicted. |
| Model = Probit . Prediction is nunmber of the nost probable cell. |
Fomm o Fomm +o- - - - +-- - - - Ho-m - - H--m - - Ho-m - - Ho- - - - Ho- - - - Homm - - H--m - - Ho- - - - +
| Actual|Row Sunmi O | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 |
Fomm o Fomm o +o-m - - +-- - - - Ho-m - - +o-m - - H--mm - - Ho-m - - +-- - - - +o-m - - +-- - - - Ho-m - - +

0] 337] 313] 24| 0
| 1| 194| 166]| 28| 0
| 2] 67| 52| 15| 0
Fomm o Fomm o +o- - - - Ho-m - - Ho-m - - Ho-m - - Ho-m - - Ho- - - - Ho- - - - Ho-m - - H--m - - Ho- - - - +



Rural Vehicle Crashes Model for Transferability Test

Ordered Probability Mdel
Maxi mum Li kel i hood Esti nat es
Model estimated: Sep 30, 2008 at 09:48: 35PM

Dependent vari abl e SEVERI TY
Wei ghting variabl e None
Nurmber of observations 386
Iterations conpleted 11
Log likelihood function -359. 7776
Restricted log |ikelihood -371.5021
Chi squared 23. 44893
Degrees of freedom 5
Prob[ Chi Sqd > val ue] = . 2769708E- 03

Underl ying probabilities based on Nornal
Cel | frequencies for outcones

Y Count Freq Y Count Freq Y Count Freq

0 205 .531 1 133 .344 2 48 . 124
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o e m e e e e e e e e e e e e e e e e e e e e e e +
R . T - - T +
| Variable | Coefficient | Standard Error | b/ St. | P[|Z| >z] | Mean of X|
- N e N T +
I ndex function for probability

Const ant -.3810407132 . 10830809 -3.518 . 0004

DARK . 3008707344 . 15067273 1.997 . 0458 . 19430052

X48 -.1607732670 . 14517255  -1.107 . 2681 . 24093264

OLDCAR . 3905008419 . 16788740 2.326 . 0200 . 13989637

oD . 2026780970 . 14157314 1.432 . 1523 . 23316062

STRAI GHT . 3338913567 . 12355012 2.702 . 0069 . 54404145

Threshol d parameters for index

Mu( 1) 1.123426998 . 84952972E-01 13. 224 . 0000

(Note: E+nn or E-nn neans multiply by 10 to + or -nn power.)

Matrix: Las

[7,4]
e o o e e e e e e e e +
| Cross tabul ation of predictions. Row is actual, colum is predicted. |
| Model = Probit . Prediction is nunmber of the nost probabl e cell. |
Fomm - F R, +o-m - - Ho-m - - +o- - - - +-- - - - +o-m - - Ho-m - - F R +-- - - - Ho-m - - +
|ActuaI|RowSun1 o] 11 2 1] 3] 4] 5] 6 | 7 1 8 | 9 |
B Ty Sy Ho- - - - +o- - - - Ho-m - - Ho-m - - Ho- - - - Ho- - - - +o-m - - Ho-m - - Ho-m - - +
| 0| 205| 181] 24| 0]
| 1| 133| 107| 26| 0]
| 2| 48| 33| 15| 0]
Fom e e e B Ho-m - - +o-m - - Ho-m - - Ho-m - - +o- - - - +-- - - - Ho-m - - +
| Col Sun1 3958| 321| 65| 0| 0] 0] 0] 0] 0] 0] 0]
T T T T T T Sy YR Ho-m - - +
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Urban Crashes Model for Transferability Test

Ordered Probability Mdel
Maxi mum Li kel i hood Esti nates
Model estimated: Sep 30, 2008 at 09: 46: 00PM

Dependent vari abl e SEVERI TY
Wei ghting variable None
Nunber of observations 204
Iterations conpleted 10
Log likelihood function -171.9083
Restricted log |ikelihood -177.4383
Chi squared 11. 06008
Degrees of freedom 5
Prob[ Chi Sqd > val ue] = . 5020168E- 01

Under |l yi ng probabilities based on Norma
Cel | frequencies for outcones

Y Count Freq Y Count Freq Y Count Freq

0 128 .627 1 57 .279 2 19 .093

e o s +
[ SR S Fomm e m e - o [ [ R, +
| Variable | Coefficient | Standard Error |b/St.Er.|P[|Z >z] | Mean of X
[ S S Fomm e mm - - B R L Ty +
Index function for probability
Const ant -. 4396257258 . 15210344  -2.890 . 0038
DARK . 4560765578 . 23287553 1.958 . 0502 . 15196078
X48 -. 4139005134 .21166592  -1.955 . 0505 . 24509804
OLDCAR . 3342550134 . 25275735 1.322 . 1860 . 11764706
oD . 8794196051E- 01 . 20414187 . 431 . 6666 . 22549020
STRAI GHT . 1577365795 . 17339070 . 910 . 3630 . 49509804
Threshol d paraneters for index
Mu( 1) 1. 041816551 . 12319718 8. 456 . 0000

(Note: E+nn or E-nn neans nmultiply by 10 to + or -nn power.)

Matrix: Las

[7.4]
o +
| Cross tabul ation of predictions. Rowis actual, colum is predicted. |
| Mbdel = Probit . Prediction is nunber of the npbst probable cell.

. S S S S S S S S L S S +
| Actual|Row Sunmj O | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 |
. . . . . . . . . . . : +
| 0] 128| 126]| 2| 0

1] 57| 57| 0] 0]
| 2| 19| 19| 0] 0
. . . . . . S S S S S S +

| Col Sum 3572 202
oo - oo - Fommm - E Foomm - Fommo - fommm - Fommm - R R R R +



Urban Crash Model Output

+

Ordered Probability Mdel
Maxi mum Li kel i hood Esti nates
Model estimated: Sep 30, 2008 at 10: 03: 25PM

Dependent vari abl e SEVERI TY
Wei ghting variable None
Nunber of observations 204
Iterations conpleted 10
Log likelihood function -167. 0860
Restricted log |ikelihood -177.4383
Chi squared 20. 70460
Degrees of freedom 4
Prob[ Chi Sqd > val ue] = . 3623565E- 03

Under | yi ng probabilities based on Norma
Cel | frequencies for outcones

Y Count Freq Y Count Freq Y Count Freq

0 128 .627 1 57 .279 2 19 .093

. 28921569
. 39705882
. 24509804
. 15686275

. 28921569
. 39705882
. 24509804
. 15686275

. 28921569
. 39705882
. 24509804
. 15686275

. 28921569
. 39705882
. 24509804
. 15686275

e o s +
[ SR S Fomm e m e - o Fomm e e oo -
| Variable | Coefficient | Standard Error |b/St.Er.|P[]|Z >z]
[ S S Fomm e mm - - [ R
I ndex function for probability
Const ant -. 4840439973 . 15107551 -3.204 . 0014
REAREND . 4630938685 . 18660562 2.482 . 0131
FALL . 4658329383 . 17516108 2.659 . 0078
X48 -. 4595981493 . 21740622 -2.114 . 0345
YOUNG -. 4713090160 . 25636129 -1.838 . 0660
Threshol d paranmeters for index
Mu( 1) 1. 073768106 . 12651977 8. 487 . 0000
Matrix: Las
[6.4]
e o e e e e . +
Mar gi nal effects for ordered probability nodel
ME.s for dummy variables are Pr[y|x=1]-Pr[y|x=0] |
Narmes for dummy variabl es are nmarked by *. |
N e e e e . +
[ SR S Fomm e m e - o Fomm e e oo -
| Variable | Coefficient | Standard Error |b/St.Er.|P[]|Z >z]
[ S S Fomm e mm - - [ R
These are the effects on Prob[ Y=00] at means.
Const ant . 0000000000 ........ (Fi xed Paraneter)........
* REAREND -. 1773941289 . 28768566E- 01 -6.166 . 0000
*FALL -.1760150119 . 27159047E-01 -6.481 . 0000
*X48 . 1631453490 .42915011E- 01 3.802 . 0001
* YOUNG . 1636877301 . 43237989E-01 3.786 . 0002
These are the effects on Prob[ Y=01] at means.
Const ant . 0000000000 ........ (Fi xed Paraneter)........
* REAREND . 1003752415 . 31224026E- 01 3.215 . 0013
*FALL . 1034814695 . 31013277E-01 3.337 . 0008
*X48 -.1066883416 .12387178E-01 -8.613 . 0000
* YOUNG -. 1095914256 . 12933794E- 01 -8.473 . 0000
These are the effects on Prob[ Y=02] at means.
Const ant . 0000000000 ........ (Fi xed Paraneter)........
*REAREND .7701888735E-01 .14004986E-01 5. 499 . 0000
*FALL . 7253354241E-01 . 12916884E-01 5. 615 . 0000
*X48 -.5645700745E-01 .19956137E-01 -2.829 . 0047
*YOUNG  -.5409630453E-01 .18952947E-01 -2.854 . 0043
(Note: E+nn or E-nn neans multiply by 10 to + or -nn power.)
e m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e m i m—m -
| Summary of Marginal Effects for Ordered Probability Model
e m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e m— -
Vari abl e| Y=00 Y=01 Y=02 Y=03 Y=04 Y=05

|
+
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ONE . 0000
*REAREND -.1774
*FALL -.1760
*X48 . 1631
*YOUNG . 1637
| Cross tabul ation
| Mbdel = Probi
. S +
| Actual | Row Sum
. . +
0] 128]|
| 1] 57|
| 2| 19|
. . +
| Col Sum 5744|
. . +

. 0000
. 1004
. 1035

0000
0770
0725

-. 1067 -.0565
-.1096 -.0541

of predictions.

Row i s actual,

colum is predicted. |

t . Prediction is nunber of the npbst probable cell. |

124] 4
51] 6
15|

_____ oo -

190]

_____ oo -

----- +

6 |
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Rural Crash Model Output

Ordered Probability Mdel
Maxi mum Li kel i hood Esti mat es

Model estimated: Sep 30, 2008 at 10: 02: 00PM
Dependent vari abl e SEVERI TY
Wei ghting variabl e None
Nurmber of observations 386

Iterations conpleted 11

Log likelihood function - 355. 5843
Restricted log |ikelihood -371.5021
Chi squared 31. 83555
Degrees of freedom 5

Prob[ Chi Sqd > val ue] = . 6403042E- 05

Underl ying probabilities based on Nornal
Cel | frequencies for outcones

Y Count Freq Y Count Freq Y Count Freq

0O 205 .531 1 133 .344 2 48 . 124
o e m e e e e e e e e e e e e e e e e e e e e e e +
R . T -
| Vari abl e | Coefficient | Standard Error |b/St
- o
Index function for probability
Const ant -. 1583535805 . 18351724 -
OLDCAR . 3061131666 . 17108260 1
STRAI GHT . 2838471806 . 12581828 2
DARK . 4393932163 . 15592898 2.
SUMVER . 4011187597 . 14406042 2.
MULTVEH -. 3517517045 .16308638 -2
Threshol d paranmeters for index
Mu( 1) 1.142486576 . 86510374E-01 13
(Note: E+nn or E-nn neans multiply by 10 to +

Matrix: Las
[7.4]

Mar gi na

Names for dummy vari abl es are marked by *

. 206

. 3882
. 0736
. 0241
. 0048
. 0054
. 0310

. 0000

or -nn power.)

effects for ordered probability node
ME. s for dumy variables are Pr[y|x=1]- Pr[y|x 0]

These are the effects on Prob[Y—OO] at neans.

Const ant . 0000000000 ........ (Fi xed Par anet er)
* OLDCAR -. 1215735976 .26028034E-01 -4.671
* STRAI GH -. 1124263209 .24621054E-01 -4.566
* DARK -. 1735968523 . 26256344E-01 -6.612
* SUMVER -. 1588840052 . 25874983E-01  -6.140
*MULTVEH . 1394810886 . 24937458E-01 5.593

These are the effects on Prob[ Y=01] at means.

Const ant . 0000000000 ........ (Fi xed Par anet er)
* OLDCAR .5539734629E-01 .18770178E-01 2.951
*STRAI GH . 5922145837E-01 . 19374213E-01 3. 057
* DARK . 7602061988E-01 .21275716E-01 3.573
*SUMVER . 7251802699E-01 .20765090E- 01 3.492
*MULTVEH -.6273058462E-01 .29626992E-02 -21.173

. 0032
. 0022
. 0004
. 0005
. 0000

These are the effects on Prob[ Y=02] at neans.

Const ant . 0000000000 ........ (Fi xed Par anet er)
*OLDCAR . 6617625128E-01 .30745633E-01 2.152
*STRAI GH .5320486257E-01 . 26544237E-01 2.004
* DARK . 9757623240E- 01 .29113285E-01 3.352
*SUMMVER . 8636597820E-01 .28765436E-01 3.002
*MULTVEH -.7675050397E- 01 .44434322E-01 -1.727
(Note: E+nn or E-nn neans multiply by 10 to +

. 0841

or -nn power.)

. 13989637
. 54404145
. 19430052
. 23575130
. 83678756

. 13989637
. 54404145
. 19430052
. 23575130
. 83678756

. 13989637
. 54404145
. 19430052
. 23575130
. 83678756

. 13989637
. 54404145
. 19430052
. 23575130
. 83678756
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o m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmm e amo o +
| Sunmmary of Marginal Effects for Ordered Probability Mdel (probit) |
o m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e aao o +
Vari abl e| Y=00 Y=01 Y=02 Y=03 Y=04 Y=05 Y=06 Y=07 |
__________________________________________________________________________ +
ONE . 0000 . 0000 . 0000

* CLDCAR -.1216 . 0554 . 0662
*STRAIGH  -.1124 . 0592 . 0532

* DARK -.1736 .0760 .0976
* SUMVER -.1589 .0725 .0864
*MULTVEH .1395 -.0627 -.0768
e e e o e e e e e s +
| Cross tabul ation of predictions. Row is actual, colum is predicted. |
| Model = Probit . Prediction is nunmber of the nost probable cell. |
Fomm o Fomm +o- - - - +-- - - - Ho-m - - H--m - - Ho-m - - Ho- - - - Ho- - - - Homm - - H--m - - Ho- - - - +
| Actual|Row Sumj O | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 |
Fomm o Fomm o +o-m - - +-- - - - Ho-m - - +o-m - - H-- - - - Ho-m - - Ho- - - - +o-m - - +-- - - - +o- - - - +
| 0] 205] 190] 15| 0]

1| 133| 121] 12| 0]
| 2] 48| 29| 18| 1]
Fomm o Fomm o +o-m - - +-- - - - Ho-m - - +o-m - - Ho-m - - Ho- - - - Ho- - - - Ho-m - - H--m - - Ho- - - - +
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