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ABSTRACT

Many Alaskans own and operate off-highway vehicles (OHVs) for recreational purposes or for use as

primary and secondary modes of transportation. However, the reported crash rate shows that 80 on
road crashes, resulting in five fatalities, occur each year statewide. As a result, the use of OHVs has been

identified as a safety concern in the Alaska State Highway Safety Improvement Plan. Minimal research
dedicated to understanding OHV use in Alaska exists which limits the potential for improvements that

address safety concerns in an equitable fashion. The research presented here contributes to better

understanding of on-road OHV use through observational and retrospective analysis. Field-based
observations were conducted within highway rights-of-way in 14 strategic locations across Alaska to
quantify OHV use and the risk-taking behaviors of riding without helmets, passengers riding without a
designated seat, and riding unlawfully on the road. Additional risk factors from the field observations
and Alaska Department of Motor Vehicles (DMV) crash data for the period from 2000 through 2016
were identified using the Chi-Square test for independence. Spatial analysis of the Alaska DMV crash
data for the period from 2009 through 2016 tested for complete spatial randomness of crashes and

identified clusters of crashes by frequency and severity using neighborhood point density statistics.
Frequent OHV use was observed with daily traffic volumes exceeding 40 vehicles per day in three field

study locations. Several risk-tolerant behaviors were observed including users riding without helmets
and vehicles carrying passengers without a designated seat an average of 70 and 20 percent of the time,

respectively. Additionally, over half the OHV users were observed to be riding unlawfully using the road.

Risk-tolerant behaviors were most frequently observed in communities where on-road use is legal and

happened to be coincident with the highest on-road use rates. Overrepresented risk factors for high
crash severity incidents included riding at night, in summer, on unpaved roads, on local roads or

collectors, in rural areas, for single-vehicle crashes with the occupant not using safety equipment and
riding under the influence of alcohol. Crashes were observed to be clustered around towns with the

highest frequencies occurring near town centers. The prevalence of risk-tolerant riding behaviors and

unlawful on-road riding indicates the need for improvements to existing laws and the education and
enforcement thereof. Changes must address the unique needs of users while also considering local
jurisdiction such that safety can be improved while also maintain transport equity for residents of rural
and isolated communities in Alaska.
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1.1

INTRODUCTION

Research Motivation

The operation of off-highway vehicles (OHVs) within public rights-of-way is unlawful in Alaska, though
there are some exceptions as defined in the Alaska Administrative Code: Special Rules for Snowmobiles

and Other Off-highway Vehicles (1969). These exceptions include: 1) direct crossings of roadways or

traversing of culverts and bridges; 2) use when natural conditions such as snow and ice prevent travel by
conventional highway vehicles; 3) when riding beyond 3-feet from the roadway edge on non-controlled
access highways; or 4) where local jurisdiction allows otherwise. Yet nearly a quarter of OHV users claim

to operate on or near roads (Belz & Chang, 2016). Concerningly, there have been an average of 80
crashes including 5 fatal crashes per year recorded in the DMV crash database (Alaska Department of
Transportation and Public Facilities [DOT&PF], 2016). Research has shown that on-road OHV crash rates

are twice as high as is reported in this database (Belz, 2019). As a result of this high crash rate, the use of
OHVs in public rights-of-way and the associated crashes have been included in the Alaska DOT&PF
(2018b) Highway Safety Plan as an area in need of improvement.

Addressing OHV crashes and safety is relevant and timely. Figure 1.1 shows a news article regarding

emergency response to an ATV crash on Geist Road in Fairbanks in May 2020 where the ATV operator,
suspected of operating under the influence of alcohol, rear-ended a passenger car vehicle (Dougherty,
2020). Additionally, in Bethel an ATV driver was killed while swerving to avoid a dog (M. Bentley,

personal communication, September 20, 2020) only a week before our field study (see Chapter 4) was
executed there. Other recent crashes resulting in fatalities are a pedestrian being struck by an ATV in an

Alaskan village or an ATV rider exiting the roadway in an attempt to avoid another vehicle (Boots, 2017;
Klint, 2016).

Figure 1.1 Emergency response to an ATV crash in Fairbanks (Chomicz, 2020)
1

OHVs are a popular mode of transportation in Alaska for both recreational and utilitarian purposes. As
of 2017, there were nearly 45,000 registered snowmachines in the state (Alaska Division of Motor

Vehicles, 2017). It is expected that the total number of OHVs is likely much higher than this value
because other OHVs such as all-terrain vehicles (ATVs) and side-by-sides are not required to be

registered. With a population of only 700,000, it is apparent that a high proportion of Alaskan residents

are OHV owners. Many Alaskan residents rely on OHVs as their primary mode of transportation,
particularly in remote and non-road connected areas. Owning and operating a personal automobile can
be cost prohibitive in these locations where the cost of gasoline can exceed $7 a gallon and the cost of

shipping a car can reach $10,000 (Belz, 2019).

Alaskans use OHVs for hunting, fishing, and exploring in their state. Despite the frequent use of OHVs,
few users have had formal training. Only 8% and 2% of ATV and snowmachine users, respectively,

reported to have taken formal rider training (Belz & Chang, 2016). Figure 1.2a displays registered

snowmachines by borough. Higher population boroughs have higher snowmachine ownership. It is
expected for higher crash rates to be observed in these areas. Comparatively, snowmachine to

passenger car vehicle ownership is generally higher in non-road connected areas where many residents
rely on OHVs as their primary mode of transportation (see Figure 1.2b).

Figure 1.2 (a) Number of registered snowmachines by borough (b) ratio of registered snowmachines to
passenger car vehicles by borough (Belz, 2019)
It has been anecdotally apparent that there is significant on-road use, specifically in Alaska, as

documented through on-road crash rates and online content (e.g., news articles, social media, etc.).
However, quantification of on-road OHV use and crashes in Alaska is nonexistent. While survey data on
on-road use in Alaska has been reported, driver behaviors are often unrealistically misrepresented

through this form of data collection (Wilde, 1976). Direct quantification is required to make adequate
engineering and legal decisions regarding on-road OHV use. The purpose of the research presented
2

herein is to quantify the frequency of OHV use and risk behaviors on public rights-of-way, identify

contributing risk factors, and investigate spatial distributions of crashes to improve understanding of
OHV safety-related issues.

1.2

Organizational Overview

In Chapter 2 the literature review is presented. Section 2.1 introduces the classifications of OHVs and
what separates them from vehicles allowed to operate on roadways. Section 2.2 explains the

motivations for why one might use OHVs on roadways with specific context to Alaska. Section 2.3
provides information on the risks associated with on-road OHV use. Section 2.4 describes typical risk-

tolerant behaviors and other well-studied risk factors of riding OHVs without helmets and with
passengers and how this motivated our research to include these factors. Section 2.5 explains the laws
regarding on-road OHV use in Alaska with comparison to laws in other states. Section 2.6 provides

information on existing methodologies of OHV counts and why improved methods are required to
obtain useful data on OHV use.

In Chapter 3 the data and methods are explained. Section 3.1 introduces the data used in the OHV field
based observations and the DMV crash records used in the crash data analysis. Section 3.2 describes the

methods used in the OHV observation study including site selection, data collection, data processing,
and data analysis. Section 3.3 describes the methods used for the crash severity risk factor analysis and
spatial analysis of the DMV crash data.

Chapter 4 describes the results of the research. Section 4.1 describes the OHV observation study results

including counts of OHVs and accompanying risk factors observed by location. Section 4.2 describes the
crash data analysis results. Section 4.2.1 describes the results from the Chi-Square analysis of the crash
data for risk factors of increased crash severity and Section 4.2.2 describes the results of the spatial

analysis of the crash data.

Chapter 5 discusses the implications of the results. Section 5.1 describes the results of the OHV

observation study and the accompanying concerning behaviors. Section 5.2.1 discusses the

overrepresentation of varying risk factors on high severity crashes and Section 5.2.2 describes the
spatial trends of crashes observed.
Lastly, Chapter 6 concludes with a synopsis of the important and major results of this research as well as

suggestions for future research and policy and design regarding on-road OHV use.

3
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2

2.1

LITERATURE REVIEW

Classifications of Off-Highway Vehicles

Despite general agreement on what classifies as an off-highway vehicle (OHV), definitions vary

significantly between legislations and between organizations. For example, the ATV Safety Institute
(2018) defines OHVs as "...any vehicle, including off-highway motorcycles and ATVs, that is restricted by

law from operating on public roads”. The Department of Transportation in North Dakota (n.d.) defines
an OHV as ".any wheeled motorized vehicle not designed for use on a highway and capable of cross
country travel on land, snow, ice, marsh, swampland, or other natural terrain.” For the purpose of this

study OHVs are defined as motorized vehicles designed for terrestrial travel over natural terrain but not
intended or designed for use on public roads or for agricultural purposes. Four OHV subtypes were
identified in this study: motorbikes, all-terrain vehicles (ATVs), utility task vehicles (UTVs), and

snowmobiles (colloquially referred to as snowmachines). In addition to fitting under the broader
definition of OHVs, these vehicles are defined more specifically below.

Motorbikes are defined as two-wheeled vehicles with the wheels placed inline. ATVs, which are also

referred to as "quads” or "four-wheelers” are defined as having a straddle-type seat with three or more
wheels and handlebars for steering (Government Accountability Office [GAO], 2010; Weintraub & Best,

2014). UTVs, which includes the popular side-by-side (SXS) vehicle type, are defined by the inclusion of
bucket seats, a roll cage, and a steering wheel (see Figure 2.1 and Figure 2.2).

Figure 2.1 Examples of a motorbike (a) and an ATV (b)
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Figure 2.2 Examples of a UTV (a) and a snowmobile (b)

OHVs also include snowmobiles, a motorized vehicle designed for use on snow which consists of a
rubber track for power and skis for maneuvering (see Figure 2.2). Snowmobiles are a primary mode of

winter transportation for residents of rural communities in Alaska where often the only infrastructure

connecting neighboring villages are trails which are more easily traversed during winter months when
the trails are snow covered and frozen.

Motorcycles, defined by the National Highway Transportation Safety Administration [NHTSA] (n.d.) as “a
motor vehicle with motive power having a seat or saddle for the use of the rider and designed to travel

on not more than three wheels in contact with ground” are not to be confused with OHVs. Motorcycles
are designed for on-road use and are regulated as highway vehicles. The State of Alaska requires
motorcycles to be titled, registered, and insured whereas snowmobiles are required to be registered but

not titled nor insured and other OHVs are not required to be titled, registered, nor insured (State of

Alaska, 2017). One of the primary distinctions which preclude motorcycles from being characterized as
an OHV is that they are subject to stricter emissions standards of 12.5 g/km carbon monoxide in
emissions compared to OHVs which are held to 25-35 g/km carbon monoxide in emissions

(Environmental Protection Agency, 2008). This difference in emissions and the lack of standards for

OHVs are primary reasons why it is illegal to operate an OHV on state and federally maintained
highways.

6

2.2

Off-Highway Vehicle Uses

As high as 94 percent of OHV users drive for recreational purposes in the United States. Recreational

riding involves a wide variety of uses such as for pleasure, exploring, hunting, fishing, and racing

(Campbell et al., 2010; GAO, 2010). Recreational users travel alone, with partners, or in large groups
such as the rides hosted by OHV clubs across the country.

Government agencies such as the Census Bureau, Bureau of Land Management, Public Safety, and first
responders make use of ATVs as an efficient means of transportation to travel between and within

villages (GAO, 2010). In Alaskan towns such as Bethel, OHVs are often used as primary modes of

transportation due to limited infrastructure connecting neighboring towns which prevents access by car
(see Figure 2.3). Residents of villages are further incentivized to use OHVs over automobiles as they are

significantly less expensive to use by way of fuel consumption where gas prices commonly exceed $7 per
gallon (Belz, 2019; GAO, 2010). Anecdotal evidence also suggests that shipping a conventional vehicle to

a rural village in Alaska can cost as much as $10,000 compared to an OHV which might cost only a third
or as little as a quarter of that price.

Figure 2.3 An ATV parked outside a grocery store in Bethel, AK

Correspondingly, towns and boroughs such as Bethel, Haines, and Nome have introduced legislation
allowing OHV use on roadways. Local legislations allow OHVs to be operated on roadways in similar

fashion to highway vehicles in which they are not allowed to operate on sidewalks, must pull over by a
public safety officer when requested, and minors are provided with restricted use such as only operating

under the supervision of an adult. Legislation in Bethel and Haines include requirements such as speed

7

limits as high as 25 miles per hour, restrictions on use during certain times of day, working headlights,

tail lights, and brake lights as well as proof of insurance (ATVs and Snowmachines, Nome, Alaska,

Municipal Code § 8.15, 2008; Miscellaneous Traffic Regulations, Bethel, Alaska, Municipal Code § 10.02,
n.d.; Snow Machines and ATVs, Haines Borough, Alaska, Municipal Code § 10.34, n.d.). Despite efforts to

accommodate the use of OHVs as a means of transportation by residents, lawful on-road use of OHVs
often presents challenges. The use of OHVs on state highways is unlawful which creates network

discontinuities within communities. Residents of Haines Borough face challenges where roadways under
city and borough jurisdiction, where on-road use is allowed, are separated by stretches of roadways

under state jurisdiction where on-road use is not allowed (see Figure 2.4a). Similarly, popular trails for

motorized vehicle use such as RS2477 trails have discontinuities which require traversing the road for a
length before returning to the trail (see Figure 2.4b). It is expected that OHV users select unlawful use of

roadways to connect between these discontinuities.

Figure 2.4 (a) Haines roadways coded by on-road use allowed (yellow) and not allowed (red) (b)
examples of trail discontinuities (identified in teal circles) in Two Rivers
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2.3

On-Road Use and Crash Rates

From 2000 to 2016, an average of 80 on-road OHV crashes in Alaska are reported to the Alaska
Department of Motor Vehicles each year. An average of over five fatalities occur annually resulting from

these crashes (Alaska DOT&PF, 2016). Further evidence indicates that crashes are underreported: only
three of 12 on-road OHV crashes identified in a statewide survey were reported (Belz, 2017). These

crash rates are due to significant on-road use. In a survey of Alaskans, Belz and Chang (2016) found that

approximately one-quarter of ATV and snowmachine users operate on or near roads.
Of additional concern are crashes resulting from conflicts between OHVs and other users on roadways.

In a survey of 204 Alaskans, there were 16 reported crashes between ATVs or UTVs and other modes as
well as 6 incidents between snowmobiles and other modes (Belz, 2017). As high as one in three on-road

OHV crashes involve another vehicle (Denning et al., 2013). This statistic is not an anomaly: on-road

side-by-side crashes were found to involve another vehicle in nearly a quarter of incidents (Jennissen et
al., 2016).

On-road OHV use is positively correlated with increased crash severity (Denning et al., 2013). On-road
crash victims have been observed to be two times as likely to incur major trauma and three times as

likely to have severe brain injury because of a crash incident opposed to those in off-road crashes. This
discrepancy in injuries can be in part attributed to the higher risk-taking behaviors that are exhibited
with on-road use. Compared to off-road fatal crashes, on-road fatalities were identified to be 77 percent
more likely to involve alcohol and the victims were 44 percent less likely to be wearing helmets and 19

percent more likely to have been traveling with a passenger (Denning et al., 2013). More extreme

discrepancies in risk-taking behaviors were observed between on-road and off-road crashes involving
injuries than fatalities. Victims injured on roadways were reported to have half the helmet use

frequency and twice the likelihood to be under the influence of alcohol than victims involved in off-road
injuries. (Denning et al., 2013; Denning & Jennissen, 2016).

The increased severity of on-road crashes can also be attributed to the design characteristics for OHVs
which do not meet the design criteria of a highway vehicle. The Specialty Vehicle Institute of America
(n.d.), a coalition of all-terrain vehicle manufacturers, explicitly disapproves of legislation supporting the

use of OHVs on roadways because they are not designed to meet the criteria which the Federal Motor

Vehicle Safety Standards requires for highway vehicles and are resultingly unsafe for on-road operation.
Representatives for the Government Accountability Office have stated that ATVs are particularly

9

unstable due to their relatively high center of gravity, short wheelbase, and short turning radii (GAO,
2010). Combining these design features with the high speeds or inherent hazards of on-road driving

results in increased risk for crashes.
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2.4

Helmet Use and Passenger Safety

There is significant evidence to promote legislation mandating helmet use, however helmets are not

required to be worn by OHV users under Alaska state law. Lack of helmet use is correlated with higher

fatality rates in OHV users (Bowman et al., 2009; Denning et al., 2013; Myers et al., 2009). One large
scale (399,818 incidents) study analyzed the cost effectiveness of 100 percent of users wearing helmets
during crashes. It was estimated that 238 head injuries and 2 fatalities out of 100,000 average exposure

users would be mitigated from using helmets. Each mitigated injury was estimated to have a social cost

savings of over $364,000 (Myers et al., 2009). In comparison to these figures, a small-scale study (78
patients) observing hospital admission data of youth determined that the average direct cost of care

was $25,760 with a maximum cost of care topping $310,000. It was determined that helmet use had a

marginal effect on reducing the likelihood of a patient requiring an overnight stay. Conversely, a study
by Pelletier et al. (2012) determined that hospital patients admitted who had not been wearing helmets
were over two times as likely to sustain a major brain injury and nearly seven times as likely to die than

their helmet wearing counterparts. McBride et al (2011) found similar conclusions in a retrospective
analysis of OHV crashes involving children. Studies generally agree that helmet use results in a

significant reduction in the likelihood of traumatic brain injuries in OHV users (Rattan et al., 2018). In a

survey of Alaskans, approximately 40 percent of ATV users reported to ride with helmets often or
always. More concerningly, approximately 30% of ATV users and 17% of snowmachine users report

never wearing helmets as shown in Figure 2.5 (Belz & Chang, 2016). These conclusions contributed to
our decision to observe and analyze helmet usage rates in Alaska as a component of our study.

Figure 2.5 Survey responses for helmet use for ATV and snowmobile users (Belz & Chang, 2016)
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Another safety concern regarding OHVs is riding with passengers. Many ATV, snowmobile, and

motorbike models are not designed to carry passengers. Manufacturers include warning labels against
riding with passengers, yet users continue to ignore these warnings. It is not uncommon to see entire
families riding on ATVs in Alaska where they are used as a primary mode of transportation (see Figure
2.6). The likelihood of death in a crash is increased for vehicles carrying passengers (Denning et al.,

2013). It has been shown that ATV passengers were five times as likely to die and over 13 times as likely

to have head or neck injuries than drivers based on a review of children hospital admittances (McBride

et al., 2011).

Figure 2.6 Three occupants riding on an ATV on the Parks Highway.

Risk-tolerant behavior such as riding with passengers or without a helmet appear to be persistent
despite the known hazards. Mangus et al. (2004) found an insignificant change in the frequency of

wearing helmet and protective gear after a minor crash. Reasons for ATV users not wearing a helmet has
been accredited to an underestimation of the risks of riding, discomfort, and inconvenience (Adams et
al., 2013). Similar conclusions have been found on motivations for motorcycle users to not wear

helmets (Papadakaki et al., 2013).

These issues provide justification for identifying the types of risk-tolerant behaviors in the study
presented herein and can be found in the methodology presented in Chapter 3. While the purpose of
this study is not to identify the motivating factors for why people choose to ignore safety warnings, we
do provide context for the frequency with which OHV safety advice and operation recommendations are

ignored in Alaska by observing helmet use and imprudent passenger rates of OHV users

12

2.5

Current Off-Highway Vehicle Regulations and Legislation

The State of Alaska legislation, Special Rules for Snowmobiles and Other Off-Highway Vehicles (1969),
pertaining to roadway use is written in 13 AAC 02.455, where the following are prohibited:
1. Use on multi-use trails, sidewalks or other areas located within a highway right of way that

are intended for use by pedestrians;
2. Use in a controlled access highway right of way;
3. Use of roadways or shoulders within a highway right of way;
4. Use of the area dividing roadways of a divided highway;
5. Traveling at night in the opposite direction of traffic in the nearest lane of a roadway within a

highway right of way.
Furthermore, 13 AAC 02.455 explicitly states the following:
A snowmobile or an off-highway vehicle may be driven on the roadway or shoulder of a highway
only under the following circumstances:

1. When crossing a highway as provided in (f), or when traversing a bridge or culvert on a

highway, but then only by driving at the extreme right-hand edge of the bridge or culvert and
only when the traverse can be completed with safety and without interfering with other traffic

on the highway;

2. When use of the highway by other motor vehicles is impossible because of snow or ice

accumulation of other natural conditions or when the highway is posted or otherwise
designated as being open to travel by off-highway vehicles;
3. When highway driving is authorized by an authority having jurisdiction over the highway, but
only in accordance with restrictions that may be imposed by that authority with regard to

highway use; or
4. When driving on the right-of-way of a highway that is not a controlled-access highway,

outside the roadway or shoulder, and no closer than 3 feet from the nearest edge of the

roadway; night driving may be only on the right-hand side of the highway and in the same
direction of the highway motor vehicle traffic in the nearest lanes of the roadway; no person
may drive an off-highway vehicle within the area dividing the roadways of a divided highway,

except to cross the highway as provided in (f) of this section.
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(f) A snowmobile or an off-highway vehicle may make a direct crossing of a highway if:
1. The crossing is made approximately at a right angle to the highway and at a location where

visibility along the highway in both directions is clear for a sufficient distance to assure safety,
and the crossing can be completed safely and without interfering with other traffic on the

highway; and
2. The vehicle is brought to a complete stop before crossing the shoulder or roadway, and the
driver yields the right-of-way to all traffic on the highway.

(g) No snowmobile or other off highway vehicle may cross or travel on a sidewalk, a location

intended for pedestrian or other non-motorized traffic, an alley, or a vehicular way or area that
is not open to snowmobile or off-highway vehicle operation, except as provided in (f) of this

section. (Eff. 12/31/69, Reg. 31; am 7/23/70, Reg. 35; am 6/28/79, Reg. 70)

It is noted in Section 3 of the code that local jurisdiction prevails, which is seen in cities such as Bethel,
Haines, and Nome, where the local governments allow on-road use of OHVs. Table 2.1 provides

information on laws regarding on-road use of OHVs from various local jurisdictions in Alaska. Figure 2.7
provides a graphical representation of where snowmobiles are allowed to operate under 13 AAC 02.455

(Alaska DOT&PF, 2003).

Figure 2.7 Illustration produced by Alaska DOT&PF (2003) of where snowmobiles and other OHVs may
operate within highway rights-of-way
Many states have legislation regarding on-road use of OHVs which mirror that written in 13 AAC 02.455
(Iowa Department of Natural Resources, 2017; Pennsylvania Department of Conservation and Natural

Resources, 2019; State of Vermont, 2019). In Florida, OHVs are allowed on unpaved roadways provided
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they follow the speed limit of 35 mph and only operate during day (Florida Highway Safety and Motor

Vehicles, 2019). Legislation in Texas has been refined to match the needs of the residents by allowing
on-road use of OHVs for farmers, utility workers, law enforcement officers, and for public safety
purposes (Texas Department of Motor Vehicles, 2019).

It was imperative that we incorporate locations where there were varied types of legislation regarding
on-road use to obtain a representative understanding of this use in Alaska. Understanding the

compliance with legislation regarding on-road use will provide context for future decisions.
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Table 2.1 Select local legislation on OHV and snowmobile use on roads in Alaska

Jurisdiction

Allowed to
cross state
roads?

Allowed on
state
roads?

Allowed on
city roads?

User Requirements

Additional Vehicle
Requirements

Speed Limit

Time
Restrictions

Alaska

Yes

No*

No*

AS 28.39 and 13 AAC
02.430 through 13 AAC
02.455

13 AAC 02.400
through 13 AAC
02.420

N/A

N/A

Low-speed
vehicle: <25 mph |
ATV: <15 mph city
road, <5 mph
parking lot or
congested with
pedestrians |
Snowmobiles: <15
mph on city road,
<5 mph parking lot
or congested with
pedestrians

N/A

Anchor Point

Default to State Provisions

16

Bethel

Yes

No*

Yes

ALL: If under 18 requires a
driver's license or be
within 100' of 21 year old
who is supervising and has
a valid driver's license,
minors must wear helmets
and travel shortest
reasonable distance along
city roads. | ATV: liability
insurance, proof of
insurance, valid driver's
license, may not pass
other moving vehicles or
weave in traffic |
Snowmobile: proof of
registration displayed,
liability insurance, proof of
insurance, may not pass
other moving vehicles or
weave

ATV: must be under
1500 pounds

Denali
Default to State Provisions
Borough
* Special provision exists
** Policy on snowmobiles only; ATVs categorized as snowmobiles because of low-pressure tires

Table 2.1 (cont.) Local legislation on OHV and snowmobile use on roads in Alaska

Jurisdiction

Allowed to
cross state
roads?

Allowed on
state
roads?

Allowed on
city roads?

Delta
Junction
Fairbanks
North Star
Borough

User Requirements

Additional Vehicle
Requirements

Speed Limit

Time
Restrictions

<25 mph

No snow machine
or ATV use within
confines of Tlingit
Park or the Fort
Seward parade
grounds between
9 PM to 9 AM

<20 mph

N/A

10 mph

Operation allowed
8 AM to 10 PM
within city limits

Default to State Provisions
Default to State Provisions

Yes

No*

Yes

Nome

Yes

No*

Yes

Palmer

Yes

No*

No*
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Haines

Tok

16 years or older, valid
driver's license, proof of
insurance, must display
hand signals while
making turns if machine
not equipped with turn
signals
If under 16 must be
under direct supervision
of adult, valid drivers
license, must drive on far
right of roadway and on
shoulder if available,
must wear helmet.
Passengers must wear
helmet.

Equipment originally
installed shall be in
good working order,
lighted headlight and
taillight at all times

Valid driver's license
required

Default to State Provisions

* Special provision exists

** Policy on snowmobiles only; ATVs categorized as snowmobiles because of low-pressure tires

2.6

Current OHV Counting Methodologies

To better understand OHV crash factors and potential areas for improvement, it is essential to
understand the amount of OHV traffic that is traveling through the areas in question. The Federal
Highway Administration (2019) recommends identifying locations with safety issues by normalizing
crash rates by number of crashes per 100 million vehicle miles travelled along a roadway segment or by
crashes per 1 million entering vehicles for an intersection. To compute these statistics the crash

frequencies, years of study, and traffic volumes are required. Data was obtained from the Alaska
Department of Motor Vehicles (DMV), however the DMV crash database is reported to have significantly

fewer entries for on-road OHV crashes than the Alaska Trauma Registry database (Belz, 2019).
Meanwhile, the traffic volumes of OHVs on roadways has remained largely unquantified. In addition to

measuring traffic volumes, it is integral to obtain information on primary risk factors for on-road OHV
crashes. These primary risk factors are helmet use, riding with passengers, and alcohol use. A wide
variety of methodologies exist to obtain risk factor information. A product created by TRAFx (2019)

claims to specifically perform OHV counts however the product's use is limited to trails as it does not

differentiate between cars and OHVs. Further, TRAFx lacks the capability of identifying other risk factors
such as helmet use and passengers. Several sources describe performing in-person surveys on OHV
users to obtain a variety of information that would not be possible through vehicle counts such as driver

sex, age, and usage behaviors (Campbell et al., 2010; Jennissen et al., 2014, 2017; Warda et al., 1998).

Many studies use hospital admission or trauma registry data to analyze crash rates and accompanying
factors however these methodologies do not provide traffic volumes (Beidler et al., 2009; Denning &

Jennissen, 2016; Garland, 2014; Pelletier et al., 2012; Rattan et al., 2018). The chosen method of data

collection for this study overcomes a number of these issues by utilizing imagery-based motion
detection to obtain traffic volume information as well as relevant safety risk factors (i.e., helmet use,

passenger counts, and on-road operation) while also having the capability to filter out non-relevant road
users (Belz, 2019).

18

3. DATA AND METHODS

The methods described in this section are separated into unique subsections related to each of the project
tasks: OHV counts, statistical analysis of crash records, and spatial analysis of crashes.

3.1 Data
3.1.1

OHV Field Observations

Table 3.1 displays the GIS layers utilized to identify potential observation locations where OHVs would
likely ride on the roadway based on interactions between the road and trail networks.
Table 3.1 GIS layers used in field count location selection

Layer
Secondary Roads 1:63,360
Highways 1:63,360
RS 2477 trails
Alaska Trails 63,360
3.1.2

Source
ASGDC
ASGDC
ASGDC
ASGDC

Scale
1:63,360
1:63,360
1:63,360
1:63,360

DMV Crash Data

Crash data was obtained from the Alaska DOT&PF for years 2000 through 2016, inclusive. These records

are transferred from the Alaska DMV which receives reports by the police or citizens for crashes which
involve damage greater than $2000 or an injury or fatality. Only crashes that occurred on Alaska
DOT&PF or local government owned infrastructure were reported. Nearly all these crashes occurred on

or adjacent to roadways, however, two crashes were observed on runways. Summary statistics of the
crash data can be found on the Alaska DOT & PF website.

3.1.3

GIS Data

Table 3.2 displays GIS layer names, sources, and scales used in the spatial analysis of the crash data.
Table 3.2 GIS layers used in spatial analysis of crash data

Layer
Alaska Trails 63,360
Alaska Boroughs
Alaska DNR RS2477 Trails
AKDOT_Trails_Inventory_1973_Map_Service
Forestry Development Road 1:63:360
Forestry Roads
GeoNorth OIM_BDL WMS
Incorporated City Boundaries of Alaska
TRAN Alaska State Shape
U.S. Major Roads

Source
ASGDC
ASGDC
ASGDC
AK DNR
AK DNR
AK DNR
Alaska Geospatial Council
ASGDC
U.S. Geological Survey
ESRI
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Scale
1:63,360
1:250:000
1:63,360
1:250,000
1:63,360
1:63,360
Varies
Unknown
1:63,360
1:50,000

3.2 OHV Field-Based Observations
Since the nature of OHV use on roadways is unconventional compared to other modes of transportation

(e.g., an OHV may enter or leave the roadway at any given point rather than utilizing known points of
access), a reliable method of count and classification had to be developed. Other considerations for the
method included the necessity of collecting passenger counts, helmet usage rates, and on- versus off

road use. Video-based methods are particularly well-suited for tasks such as these but require a
significant amount of manual processing.
3.2.1

Site Selection

Observation locations were selected within municipalities or general regions to represent the various

types of legislation on OHV use. In addition, these areas were chosen based upon their accessibility and
representation of the region in their respective phase (see section 3.2.2). The selected towns for
observation were:

Phase 1
•
•
•
•
•
•

(most accessible):
Delta Junction
Ester
Fairbanks
Healy
Tok
Two Rivers

Phase 2
•
•
•
•

(less accessible, some with unique laws):
Anchor Point
Bethel
Nome
Palmer

Precise locations of observations were determined by the likelihood of observing OHV traffic and

compatibility of the location with the equipment. GIS software was used to refine areas by determining

sections where a trail terminated at a roadway or was coincident with a roadway and was therefore
more likely to have OHV users operating on the roadway. Figure 3.1 displays the roads and trails
networks for Healy. It can be observed in several locations where users would be likely to operate on

the roadway between trail discontinuities. These areas were identified for further investigation for
observation locations.
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Figure 3.1 Potential count locations in Healy (highlighted in teal circles)
Figure 3.2 displays the statewide road, trail, and RS2477 trail networks which were used in the
identification of expected areas for on-road OHV use due to trail discontinuity or inefficiency. While the

described layers do not include all the OHV-accessible trails, a reasonable representation of the trails

network is formed.

Figure 3.2 Statewide roads, trails, and RS2477 trails.
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Camera location and orientation was preliminarily determined using Google Maps imagery where worn
tracks or informal trails consistent with OHV use near the roadway or multiuse path could be identified
(see Figure 3.3). Specific signs or poles to mount the camera on as well as the camera orientation were

identified using Google Maps imagery. Final judgment of camera location and orientation was
determined in the field and at the discretion of the researcher. In some locations, a preferred

observation area did not have a desirable object for mounting in which case a proximal location was

selected.

Figure 3.3 Site selection using Google street view imagery to identify existence of informal trails before
mobilizing to the site.
3.2.2

Data Collection

Vehicle counts were completed with the use of SSC-773HQ motion detection cameras mounted within

public rights-of-way. Data were processed using a combination of computer and manual analysis.
Utility poles, signposts, or trees were used to mount the camera. The camera was mounted to a

perforated metal bar which was attached to the mounting object using hose clamps. The digital video
recorder (DVR) was stored in a locked and weatherproof box at the base of the mounting object (see

Figure 3.4). Primary image masking was enabled in the field to prevent objects outside of the desired

observation path from activating the camera (see Figure 3.5). Trees or branches close to the camera in
addition to the sky and areas where vehicle shadows would trigger the detection system were masked.
Road lanes were masked in the primary masking stage in all locations except for the Nome-Teller

Highway to reduce the total number of videos collected. A check of motion activation functionality was
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completed by walking in the desired observation path and ensuring the camera was activated by the

movement. The camera angle or primary image masking area was altered if activation did not occur and
another test of motion activation functionality was completed.
Video was recorded in 150 second or 18 second segments depending on the device used. The DVRs
were hard-coded to record a 150 second video but one recorded an 18 second video because of a

programming error from the manufacturer. The 18 second videos proved to be more desirable due to
reduced data storage requirements and processing time. The system was capable of starting a new

recording immediately following the end of a previous recording which ensured that the DVR which
recorded the shorter 18 second video segments was just as accurate as the DVR which recorded the 150
second segments.
Data was collected in two season-long phases during the summers of 2018 and 2019. The first phase
consisted of locations in the interior of Alaska. The second phase added additional locations in

Southcentral Alaska and rural villages in Western Alaska.

Figure 3.4 (a) Utility pole mounted with observation hardware adjacent to an informal trail
(b) waterproof box for storage of DVR (c) camera mounted using perforated metal bar and hose clamps

Figure 3.5 Examples of (a) primary image masking (b) secondary image masking (c) output image
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In total 1130 hours of video and nearly 5.5 hours of manual observations were collected. Data collection
periods varied. Collection periods in the first phase were over 72 hours for all but two locations: Healy

(69.6 hours) and Tok (9.6 hours). The Tok collection period was abbreviated due to a battery

malfunction. A second collection period was not completed due to time constraints. All collection
periods in the second phase were less than 72 hours to due time constraints. The collection time on 1st
Avenue in Bethel was only 5.4 hours because manual counting was performed.
Data was collected over a continuous period with the exceptions of Farmers Loop Road and Parks

Highway in Ester and Healy. The Farmers Loop Road collection period was paused for under 13 hours
between the time the batteries were depleted and replaced. The Ester collection periods were
separated by three days after analysis revealed that objects on the multiuse path were unlikely to

activate the camera. Data was retained from this test period in the final observations because vehicles in
the gore area still activated the camera (see Figure 3.6). The two data sets in Healy were collected

approximately one month apart due to time constraints during the collection periods.

Figure 3.6 Example image of Ester collection area with an ATV in the gore area

While the video equipment was in use at the Chief Eddie Hoffman Drive and Ridgecrest Drive locations,
manual observations were implemented for the 1st Avenue observations to obtain a more

comprehensive understanding of OHV use in Bethel. The location was selected for observations because
of its placement in a central area of town adjacent to a frequently visited community center. Manual

observations were utilized because the two cameras were in use during the limited time period for data
collection. Vehicles were observed at the corner of 1st Avenue and Main Street during approximate peak

hours (2:35pm - 8:00 pm). Passenger and helmet counts were noted.
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3.2.3

Data Processing

Moving objects in the video were saved as a series of static image frames using an automated
processing program written in MATLAB R2018a and MATLAB R2019a. Criteria to save video frames were

a moving object to be detected, a minimum object size as number of pixels, inclusion of the object in the

area of optional secondary masking, and a minimum number of consecutive frames the object was
detected to be moving (see Figure 3.7). Object tracking code was derived from MathWorks (n.d.) (see

Appendix 8.1). Road lanes and other areas which frequently and undesirably activated the camera were
commonly masked using a secondary masking process.

Figure 3.7. Process map of MATLAB video processing program
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Video frames saved by the MATLAB program were manually reviewed and sorted. A single frame for
each observation was saved in addition to the original video in which the OHV was recorded. Vehicle

type, number of passengers, helmets, on-road use, directionality relative to traffic, weather, and time of

observation were recorded. Saved video frames were manually analyzed to complete the observations
unless the object of interest was indiscernible in the frame in which case the video was analyzed. When

the object of interest remained indiscernible in the saved frame and video a null value for the object was
reported.

A passenger was defined as a rider who was not operating the vehicle. Unlawful passengers were

defined under 13 AAC 02.445 which mandates passengers to not ride on OHVs or snowmobiles that are

not equipped with a properly designed seat. While this code has since been repealed, the code provides
an excellent definition for describing unsafe passenger riding behaviors and similar ordinances have

been placed under local jurisdictions. OHVs were characterized as having lawful passenger

accommodations using visual inspection of the vehicle in question. All UTVs were classified as carrying
lawful passengers when the presence of passengers was observed. Unlawful passengers on ATVs were

distinguished by the lack of presence of a raised rear seat (see Figure 3.8). If a characterization of lawful
or unlawful passenger accommodations could not be made for an ATV, then the observation was
counted as a vehicle without passenger accommodations. All motorbike passengers were classified as

unlawful. Passenger counts were computed using four criteria.

Figure 3.8 (a) ATV without passenger seat (b) ATV with passenger seat (Bennet Auction Service, 2018)
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First, percent vehicles with passengers was calculated as the number of OHVs carrying passengers

divided by the total number of vehicles counted. Second, normalized percent vehicles with passengers
was determined by the number of vehicles carrying passengers divided by the number of vehicles with a

discernable number of passengers. Third, indiscernible passenger counts on vehicles occurred due to

low image quality, darkness, or covered passenger seating as is common in UTVs. Lastly, percent with
unlawful passengers was determined by dividing the number of vehicles with unlawful passengers by
the number of vehicles with a discernable number of passengers.

On-road vehicular counts were extrapolated from the imagery using two criteria. Vehicles were first
defined as travelling on-road if their path was at any point partially or entirely on the multiuse path or
roadway, which includes the lane and within 3 feet of the roadway edge as defined in 13 AAC 02.455.
Vehicles were classified as on-road if they operated on the lane or shoulder of an unpaved road. The
unlawfully on-road count was the on-road count with the exclusion of vehicles directly crossing

roadways as defined in 13 AAC 02.455. Vehicles riding proximal to the roadway and greater than 3 feet
from the road edge (e.g. in a ditch or buffer zone) were not classified as on-road. See Figure 3.9 for

examples of on-road OHV use.
3.2.4

Data Analysis

All statistical analysis was performed with R Studio (version 3.6.1, 2019). Chi-Square analyses were

performed on observed risk factors to identify possible overrepresentation. The Chi-Square Test of

Independence determines whether there is an association between categorical variables (i.e., whether
the variables are independent or related) and is a nonparametric test that identifies correlation but does

not allow for inferences regarding causation. The risk factors of operating on the roadway, operating
unlawfully on the roadway, not wearing a helmet, traveling with passengers, traveling with unlawful

passengers, and traveling in the opposing direction of vehicle traffic were tested against the responses
of day of the week, time of day, and vehicle type. Independent variable levels were removed from the

Chi-Square analysis if the criterion of no more than 20 percent of expected counts in a single test being
less than five was not met (Yates et al., 1999). This was required for the test of the effects of time of day

on vehicle direction where the period of observation corresponding to 05:00 - 10:59 had too few
observations and was removed from the analysis for this test.
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Figure 3.9 Examples of OHVs operating (a) on road (b) on road within 3 feet of paved edge (c) not on
road but within right-of-way

3.3 DMV Crash Data Analysis
Records were filtered for OHVs by querying vehicle type classified as “off-highway vehicle” for years

2000 through 2012 and “motorbike”, “open body”, or “utility vehicle” for years after 2012. The

discrepant search query is the result of updated categorizations that began in 2013. Crash records which
reported either the primary or secondary vehicle being an OHV were included in the analysis. Records
for the driver of the primary OHV (i.e., at fault) identified in the crash were used for the analysis. Helmet

usage was queried under primary protection for the primary vehicle only and included both DOT and

non-DOT compliant helmets. The safety equipment parameter was binned into categories for users

wearing helmets, seat belts, or no safety device. Crash mechanism was defined by first harmful event.
Crash characteristics were binned into eight categories: exiting roadway, fixed object, motor vehicle in

transport, moving object, other, other vehicle, overturn, and pedestrian. Season of crash was binned by
month to be representative of the seasons in Alaska's climactic region. Fall was defined as September

and October, winter was defined as November through March, spring was defined as April and May, and

summer was defined as June through August. The binning for time of day was designed to be
representative of the purpose of travel and behaviors exhibited based on anecdotal evidence of use

patterns. Higher risk-taking behaviors were observed occurring in the evening and late at night while
travel for utilitarian purposes is more likely during morning hours. Crash severity levels were categorized

as no injury, minor injury, serious injury, and fatality based on the standard “KABCO” scale. For crash
records from 2013 to 2016, the crash severity levels of minor injury and possible injury were merged to

the single category of minor injury to maintain consistency with the other crash records. Data was
analyzed using the Chi-Square Test of Independence for identification of risk factors to increased crash

severity. In addition, crash data with coordinates was analyzed for distance from the crash site to the

nearest road-trail intersection and for spatial distributions of crashes. Results of this analysis are
provided in Section 4.2.
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3.3.1

Risk Factor Analysis

Chi-Square tests were performed on the crash data to identify contributing risk factors to increased

crash severity. The response variable was the four levels of crash severity outcome. Crash severity was

determined based off the most severe result from the crash. The tested variables included:
•

time of day

•

day of week

•

season

•

rural/urban

•

functional class

•

road surface

•

crash mechanism

•

number of vehicles involved

•

number of occupants

•

driver sex

•

driver age

•

driver blood alcohol content

•

safety equipment used

•

network distance from the crash location to the nearest road-trail intersection

3.3.2

GIS Analysis

Three spatial analyses were completed: testing for complete spatial randomness (CSR) of crashes,
analyzing distance from crashes to road-trail intersections, and determining point densities of crashes.

All GIS analysis was completed using ArcMap 10.6.1. Additionally, R Studio 3.6.1 was utilized for the test
for CSR. The Alaska DMV crash data was queried for incidents with which coordinates were reported

from the years 2009 to 2016. This query led to the collection of 580 incidents. The Alaska Albers Equal

Area projection was used as the coordinate system for all data used.
Crashes greater than 30 meters from the road network were manually processed to be included or

removed in the analysis. Crashes within 30 meters from the road network were presumed to be on the
network because the error from crashes within this threshold was acceptably within the map scale

error. Each of these off-network crash locations were observed with background imagery in GeoNorth
OIM_BDL WMS. If the imagery indicated that there was a road where the crash occurred, the road was
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digitized, connected to the road network and nearest trail, and added to the roads layer. A total of 571
crashes were located on the road network. Crash sites that were not visibly within 30 meters of a
roadway were excluded from the analysis. The snap tool within ArcMap was then utilized to relocate the

remaining crashes to be coincident with the roadway for ease of analysis.

The first step to identify spatial patterns in this dataset was to rule out the existence of complete spatial
randomness, defined as a uniform probability distribution over an area. Testing for CSR on a road

network is dependent on the nearest neighbor distances between crashes on the network. As a result,
the road network representation needs to accurately represent the actual road network to obtain

accurate test results. Two network datasets were combined to provide the most accurate
representation of the road network. The ESRI Major Roads dataset was used to represent all roads in

Southeast Alaska, defined as existing on the Alaskan panhandle. The USGS Transportation dataset roads
layer was used to represent the remaining Alaskan road network. The two layers were merged to form a

single network layer. Separate layers were used due to more accurate representations of the actual road

network for their respective regions. The primary inaccuracy in the USGS Transportation dataset was the
inclusion of forestry roads and forest service access roads which caused massive overrepresentation of
the total road network distance in Southeast Alaska. However, the USGS Transportation dataset was

superior in the representation of local roads. These discrepancies were determined by comparing the
GeoNorth Web Map Service imagery as well as the Forestry Road and Forestry Development Road layers

to the two road network layers.
Methods from Chang (2016) were replicated to test for complete spatial randomness on the road
network. R Studio was used to create 99 datasets which contained 571 random network points each
(see Appendix 8.2 for code). These random network points simulate spatially random crashes which

occur on the road network. The number of points represents the number of crashes records with

coordinates which were located on-network.

For each dataset including the dataset of observed crashes, nearest neighbor distances were found
using the ArcMap network analysis functions. An origin-destination cost matrix was created using the

roads network layer to find the nearest two neighbors of each crash. The same dataset was loaded into
origins and destinations so the first nearest neighbor to a crash was itself. The second nearest neighbor

distance was used as this value represented the true nearest neighbor distance to a crash site. Due to
the existence of many unconnected road networks in Alaska, network neighbors for a significant portion
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(about ten percent) of the random network points were unable to be determined. Comparable

proportions of recorded crashes had no neighbors.
The nearest neighbor distances of the 99 simulated datasets were plotted using R code obtained from

Short (2020) to form an empirical distribution function (EDF) and compared to the observed nearest

neighbor distances from the 571 actual crash locations to determine if the null hypothesis of CSR could
be rejected in favor of clustering or regularity (see appendix 8.3 for code).
The next analysis was to compute distance from the crash sites to the nearest respective road-trail

intersections to determine if OHVs are more likely to be involved in an on-road crash near a trail. The
network dataset which represents the network which vehicles can travel on was created from the USGS
Transportation Dataset roads layer. The following layers were merged to form a single layer

representing all trails: Alaska Trails, Alaska DNR RS2477 Trails, AKDOT Trails Inventory, Forestry
Development Road, and Forestry Roads. In several locations, the trails and roads layer could be

observed representing the same feature. In these locations, the road-trail intersections would be
frequent and inaccurate. To reduce this error, segments of the trails layer within 150 meters of the road

layer were then snapped to, or forced to be coincident with, the road layer. The erase tool was then
used with an XY tolerance of 20 meters to remove those trails which were coincident with the road

layer. The 150-meter snap tolerance was used as it was a sufficient distance to snap the trails layer to
the roads layer in locations where the layers were observed to be representing the same feature. The
20-meter XY tolerance for the erase tool was used to account for any possible error margin following the
use of the snap tool. Next, the intersect tool was used to find the intersections of the modified trail and

the road layer with a 151-meter XY tolerance. While any trail within 150 meters of a road was assumed

to be coincident with the road, any trail that came within 151 meters of the road was considered to
intersect the road. This small discrepancy was justified because the trail layer consists of continuous

segments so if a trail was approaching the road from at least 151 meters from the road it would be
considered to intersect the road.

Only crashes outside city limits were used in the analysis because it can be inferred that most trips
resulting in crashes within city limits did not involve the use of trails. For reference, non-OHV crashes,
were queried for the crash year of 2015. Only one year of non-OHV crashes was used because this
population was large enough to supply an accurate representation of on-road crashes. A total of 239

OHV crashes and 2213 non-OHV crashes outside of city limits were used in the analysis. City limits
boundaries were formed from combining the Incorporated City Limits of Alaska layer and the Anchorage
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Borough limits from the Alaska Boroughs layer. The Closest Facilities tool was then run using crashes

outside of city limits as the incidents and the road-trail intersections as the facilities in separate
instances for the OHV and non-OHV crashes. A 151-meter XY tolerance was used to ensure all crashes

and intersections were located on the network. The network distance between each crash and its
nearest road-trail neighbor were obtained from the analysis output.

The final analysis was determining OHV crash density using ArcMap. Towns which OHV observations
were conducted in and Anchorage and Barrow were analyzed. All 580 crash locations with coordinates
were utilized because the crashes did not need to be present on the digitized road network to perform

the analysis as was the case with the test for CSR. Analysis was run on Crash Severity Index (CSI) and
crash frequency by location. The CSI was determined based on methods from RTA (1994) in which a

single incident was given a score based on cumulative crash severity as follows:

CSI = 1.0 * property damage only + 1.3 * minor injury + 1.8 * serious injury + 3.0 * fatality
The point density tool in ArcMap was used to generate representations of hot spots of crashes. The
parameters of CSI and crash frequency were summed for half-mile by half-mile square blocks and

presented in one-quarter mile by one-quarter mile square output cells. Density measurements were
normalized to crashes and CSI per square mile.
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4. RESULTS

4.1 OHV Field-Based Observations
Field observations of OHV use were conducted at fourteen unique locations in ten Alaskan towns. A
total of 446 OHVs were observed over the 1136 hours of total collection time. Helmet use was present

for 31 percent or 128 riders of the 416 total riders for which helmet use could be observed. Just over a

quarter of vehicles held passengers (27 percent) of which 64 percent were not designed to carry

passengers. Roughly half of the vehicles (53%) were observed riding unlawfully on the road. Figure 4.1
displays sample images of observed OHVs.

Figure 4.1 (a) Group of OHVs in Delta Junction (b) UTV riding in buffer zone on Farmer's Loop Road in
Fairbanks (c) ATV operated with passenger on Parks Highway in Fairbanks

Table 4.1 summarizes the results from the OHV observations. The table represents the data collected
from each separate location over the course of two phases. The table displays the respective weather,
observation time, raw count, average daily traffic (ADT), percent of vehicles holding passengers, percent

of users wearing helmets, and percent of vehicles which used the roadway or multiuse path. The ADT is

most representative of the traffic flows as the parameter accounts for the varied periods of time over
which data were collected at each location. Also presented are the percentages of vehicles with

unlawful passengers, helmet use, and on-road use. It was observed that there were significantly lower

average traffic volumes on days with rain compared to days without rain (0.082 vehicles/hour and 0.60
vehicles/hour, respectively) (p = 0.002). Average hourly traffic volumes are shown in Figure 4.2.
Chi-Square tests were performed on the known risk factors of on-road riding, lack of helmet use, and
riding with passengers. Overrepresentation and underrepresentation of cell values, qualifying as greater

or less than the expected cell value for tests with high significance, respectively, were noted. The
variables investigated were secondary risk factors of period weekend versus weekday, time of day, and
vehicle type.
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Phase 1 (2018)

Table 4.1 Off-highway vehicle observation summary

34
Phase 2 (2019)

Percent with
Helmet On-Road
Unlawful
Use(2) (%) Total (%)
Passengers(1)

Weather

Total
Observation
Time (Hours)

Raw
Count

ADT

Percent
with
Passengers

Percent with
Passengers(1)
(normalized)

7/3 - 7/8

Sunny

116.6

54

11.1

14.8

16.0

10.0

86.2

100.0

13.0

Ester

7/16 - 7/23
&
7/26 - 7/30(4)

Partly Cloudy
Rain
7/26-7/27

269.3

29

2.6

24.1

24.1

24.1

44.0

100.0

24.1

Farmers Loop
Road(5)

Fairbanks

6/16 - 6/24

Partly Cloudy
Rain 6/22

178.0

28

3.8

14.3

14.3

7.1

29.6

53.6

35.7

Parks Highway(6)

Fairbanks

5/23 - 5/30

Rain
5/23-5/24
Partly Cloudy
5/25-5/30

170.0

9

1.3

22.2

22.2

22.2

45.5

77.8

77.8

Parks Highway

Healy

6/1 - 6/2 &
7/06-7/08

Sunny
Cloudy 7/8

69.6

118

40.7

16.9

21.3

8.5

24.8

75.4

41.5

Alaska Highway

Tok

6/15

Partly Cloudy

9.5(7)

7

17.7

0.0

0.0

0.0

20.0

0.0

0.0

Chena Hot
Springs Road

Two Rivers

6/6 - 6/9

Partly Cloudy

77.4

2

0.6

0.0

0.0

0.0

100.0

100.0

100.0

Sterling Highway

Anchor Point

8/16 - 8/17

Partly Cloudy

63.0

0

0.0

0.0

N/A

N/A

N/A

N/A

N/A

Chief Eddie
Hoffman
Highway

Bethel*

9/19 - 9/21

Partly Cloudy

44.8

87

46.6

33.3

34.5

34.5

6.3

100.0

100.0

Ridgecrest Drive

Bethel*

9/19 - 9/21

Partly Cloudy

43.6

11

6.1

45.5

50.0

50.0

10.0

100.0

100.0

1st Avenue(8)

Bethel*

9/20

Partly Cloudy

5.4

38

N/A

62.5

62.5

NA

0.0

100.0

0.0

27.4

55

48.2

18.2

30.3

30.3

34.1

100.0

100.0

27.4

0

0.0

N/A

N/A

N/A

N/A

N/A

N/A

43.1

9

5.0

0.0

0.0

0.0

66.7

100.0

0.0

Road Camera
Facing

Town

Nistler Road

Delta Junction

Parks Highway

Dates
Collected

Council Highway

Nome*

7/26 - 7/27

Teller Highway

Nome*

7/26 - 7/27

Trunk Fishhook
Highway

Palmer

8/11 - 8/13

Partly Cloudy
7/26
Rain 7/27
Partly Cloudy
7/26
Rain 7/27
Partly Cloudy

Unlawfully
On-Road(3)
(%)

Notes: (1) Percentage based upon vehicles with discernable number of passengers; (2) Cases where helmet use was not discernable were excluded from the
analysis; (3) Excludes OHVs crossing roads as described in 13 AAC 02.455; (4) Image masking excluded sidewalk in first collection period; (5) Roadwork near
collection site during collection period; (6) Data collected over two separate periods due to time constraints; (7) Battery malfunction resulted in abbreviated
test period; (8) On-road use legal in this location, manual observations used during abbreviated period: 2:35 - 8:00pm; *Off-Highway vehicles allowed on
roadways per local jurisdiction

The analysis for weekend versus weekday displayed in Table 4.2 indicates that users were less likely to

operate unlawfully on the road on weekdays. Users not wearing helmets were underrepresented on
weekends. Riding on the road opposing the direction of traffic was overrepresented on weekdays.

Figure 4.2 Average hourly OHV traffic observed

Table 4.2 Chi-Square test of independence for weekends vs. weekdays and crash risk behaviors
Statistic

Total

Weekday

Weekend

n (%)

n (%)

n (%)

Chi-Square (df)

p-value

Not on Road

47 (11.5)

9 (7.2)

38 (13.4)

2.68 (1)

0.102

On Road

362 (88.5)

116 (92.8)

246 (86.6)

Not Unlawfully on Road

177 (43.3)

66 (52.8)

111 (39.1)

6.10 (1)

0.014

Unlawfully on Road

232 (56.7)

59 (47.2)

173 (60.9)

Not Wearing Helmet

296 (69.6)

211 (73.8)

85 (61.2)

6.47 (1)

0.011

Wearing Helmet

129 (30.4)

75 (26.2)

54 (38.8)

Vehicle Not Carrying Passengers

267 (74.8)

94 (79.7)

173 (72.4)

1.85 (1)

0.174

Vehicle Carrying Passengers

90 (25.2)

24 (20.3)

66 (27.6)

Vehicle Not Carrying Unlawful Passengers

289 (80.7)

98 (83.1)

191 (79.6)

0.409 (1)

0.522

Vehicle Carrying Unlawful Passengers

69 (19.3)

20 (16.9)

49 (20.4)

Vehicle Opposing Traffic Direction

61 (37.9)

29 (59.2)

32 (28.6)

12.30 (1)

0.0005

Vehicle Travelling with Traffic Direction

100 (62.1)

20 (40.8)

80 (71.4)

Risk Behavior

Notes: (1) Weekends defined as Friday through Sunday and weekdays defined as Monday through Thursday; (2) Bold font
indicates significance of p < 0.05; (3) Bold and italic font indicates significance of p < 0.01
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Comparisons for time of day are displayed in Table 4.3. It was found that on road use is overrepresented
for the time periods from 11:00 - 17:59 and 22:00 - 4:59. Similarly, unlawful on road use is

overrepresented for the time periods 11:00 - 17:59, 22:00 - 4:59, and 5:00 - 10:59. Users not wearing
helmets were overrepresented for the time period from 18:00 - 21:59 and underrepresented for the
time period 22:00 - 4:59.

Comparisons for vehicle type are displayed in Table 4.4. ATV users were overrepresented for riding with

unlawful passengers and riding on the road in the opposing direction of traffic. Motorbike users were
overrepresented for on-road riding and not wearing helmets and were underrepresented for riding with
passengers and riding with unlawful passengers. UTV users were overrepresented for not wearing

helmets and riding with passengers while they were underrepresented for on-road and unlawful on

road riding, riding with unlawful passengers, and riding on road in the opposing direction of traffic.
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Table 4.3 Chi-Square test of independence for time of day and crash risk behaviors
Time of Day
11:00 18:00 17:59
21:59

Total

Risk Behavior

05:00 10:59

n (%)

22:00 04:59

Not on Road

47 (11.5)

3 (13.6)

14 (8.2)

28 (17.9)

2 (3.3)

On Road

362 (88.5)

19 (86.4)

156 (91.8)

128 (82.1)

59 (96.7)

Unlawfully on Road

177 (43.3)

8 (36.4)

84 (53.8)

63 (37.1)

22 (36.1)

Not Unlawfully on Road

232 (56.7)

14 (63.6)

72 (46.2)

107 (62.9)

39 (63.9)

Not Wearing Helmet

296 (69.6)

13 (68.4)

106 (68.8)

140 (75.3)

37 (56.1)

Wearing Helmet
Vehicle Not Carrying
Passengers

129 (30.4)

6 (31.6)

48 (31.2)

46 (24.7)

29 (43.9)

267 (58.4)

16 (88.9)

108 (78.8)

111 (71.6)

32 (21.8)

190 (41.6)

2 (11.1)

29 (21.2)

44 (28.4)

115 (78.2)

289 (80.7)

16 (88.9)

118 (86.1)

118 (75.6)

37 (78.7)

69 (19.3)

2 (11.1)

19 (13.9)

38 (24.4)

10 (21.3)

61 (37.9)

4 (50)

15 (31.9)

34 (41)

8 (34.8)

100 (62.1)

4 (50)

32 (68.1)

49 (59)

15 (65.2)

Vehicle Carrying Passengers
Vehicle Not Carrying
Unlawful Passengers
Vehicle Carrying Unlawful
Passengers
Vehicle Opposing Traffic
Direction
Vehicle Travelling with
Traffic Direction

Statistic
Chi-Square
p-value
(df)
12.3 (3)
0.006
11.5 (3)

0.009

8.61 (3)

0.035

5.03 (3)

0.169

6.06 (3)

0.109

1.12 (2)

0.571

Notes: (1) Column 05:00 - 10:59 for vehicle direction removed from analysis due to low sample size; (2) Bold font indicates
significance of p < 0.05; (3) Bold and italic font indicates significance of p < 0.01

Table 4.4 Chi-square test of independence for vehicle type and crash risk factor
Risk Behavior

Total

Statistic

Vehicle Type

n (%)
47 (11.5)
362 (88.5)

ATV

Motorbike

UTV

Chi-Square (df)

p-value

23 (7.7)
274 (92.3)

1 (2.7)
36 (97.3)

23 (30.7)
52 (69.3)

35.0 (2)

<0.0001

Not Unlawfully on Road

177 (43.3)

115 (38.7)

16 (43.2)

46 (61.3)

12.5 (2)

0.002

Unlawfully on Road

232 (56.7)

182 (61.3)

21 (56.8)

29 (38.7)

Not Wearing Helmet

296 (69.6)

251 (71.9)

14 (35.9)

31 (83.8)

25.4 (2)

<0.0001

Wearing Helmet

129 (30.4)

98 (28.1)

25 (64.1)

6 (16.2)

Vehicle Not Carrying Passengers

267 (70.8)

217 (70)

34 (91.9)

16 (53.3)

13.1 (2)

0.001

Vehicle Carrying Passengers
Vehicle Not Carrying Unlawful
Passengers
Vehicle Carrying Unlawful
Passengers
Vehicle Opposing Traffic
Direction
Vehicle Travelling with Traffic
Direction

110 (29.2)

93 (30)

3(8.1)

14 (46.7)

289 (80.7)

224 (77)

35 (94.6)

30 (100)

14.4 (2)

0.001

69 (19.3)

67 (23)

2 (5.4)

0 (0)

61 (37.9)

56 (42.4)

3 (42.9)

2 (9.1)

7.56 (1)

0.006

100 (62.1)

76 (57.6)

4 (57.1)

20 (90.9)

Not on Road
On Road

Notes: (1) Bold font indicates significance of p < 0.05; (2) Bold and italic font indicates significance of p < 0.01
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4.2 DMV Crash Data Analysis
Alaska averages approximately 80 reported on-road OHV crashes per year which included an average of
5.5 fatalities per year. Aside from some fluctuations, annual crash numbers have not substantially

changed over the analysis period (see Figure 4.3).
A summary of the crash data by geographical region is provided in Table 4.5. Regions are defined as

depicted in Figure 4.4. Regions had a total of 484, 283, and 480 crashes for the Central,

Northern/Western, and Southcoast regions, respectively. All records are not included in the summary by
region because some records did not provide reference to the location of the crash. These records were

included in the crash parameter analysis.

Figure 4.3 (a) OHV crashes by borough 2000-2016 (b) OHV crashes by year

Figure 4.4 OHV crash summary regions
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Table 4.5 Summary of crash data statistics by geographical region
Variable

Demographic
Age (Years)
<16
16-20
21-25
26-30
31-35
36-40
41-45
46-50
51-55
>56
Driver Sex
Male
Female

Central
Region
N
%

Northern/Western
Region
N
%

Southcoast

N

%

Total

134
79
46
31
21
26
18
17
18
16

33
19.5
11.3
7.6
5.2
6.4
4.4
4.2
4.4
3.9

60
67
40
24
16
14
9
8
10
11

23.2
25.9
15.4
9.3
6.2
5.4
3.5
3.1
3.9
4.2

62
65
44
39
35
30
24
30
29
45

15.4
16.1
10.9
9.7
8.7
7.4
6
7.4
7.2
11.2

256
211
130
94
72
70
51
55
57
72

303
73

80.6
19.4

168
88

65.6
34.4

258
103

71.5
28.5

729
264

Temporal
Season
Fall
Winter
Spring
Summer

50
231
58
145

10.3
47.7
12
30

29
117
48
89

10.2
41.3
17
31.4

64
221
65
130

13.3
46
13.5
27.1

143
569
171
364

Time of Day
5:00-10:59
11:00-17:59
18:00-21:59
22:00-4:59

45
220
140
72

9.4
46.1
29.4
15.1

33
103
67
68

12.2
38
24.7
25.1

66
228
93
82

14.1
48.6
19.8
17.5

144
551
300
222

Day of Week
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday

54
54
62
58
82
92
82

11.2
11.2
12.8
12
16.9
19
16.9

36
31
41
35
53
52
35

12.7
11
14.5
12.4
18.7
18.4
12.4

64
64
54
61
73
99
65

13.3
13.3
11.3
12.7
15.2
20.6
13.5

154
149
157
154
208
243
182

Risk Factors
Number of Occupants
1
2
3
>3

359
103
13
7

74.5
21.4
2.7
1.5

169
98
9
3

60.6
35.1
3.2
1.1

366
71
17
10

78.9
15.3
3.7
2.2

894
272
39
20
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Table 4.5 (cont.) Summary of crash data statistics by geographical region
Variable

Central Region
N

%

Northern/Western
Region
N
%

Southcoast

N

%

Total

Risk Factor
Driver Safety Equipmen t
Not Used
174
Helmet
125
Safety Belt
26

53.4
38.3
8

210
16
5

90.9
6.9
2.2

144
51
101

48.2
17.1
33.8

528
192
132

Blood Alcohol Content
Not Tested
<0.08
>=0.08

418
41
25

86.4
8.5
5.2

243
22
19

85.6
7.7
6.7

405
46
29

84.4
9.6
6

1066
109
73

127
346
7
1

26.4
71.9
1.5
0.2

134
144
3
0

47.7
51.2
1.1
0

27.5
67.2
4.8
0.4

392
810
33
3

322
40

39.6
4.9

48
130

10.5
28.6

131
320
23
2
0
303
46

38.5
5.9

673
216

248
204

30.5
25.1

265
12

58.2
2.6

193
244

24.6
31

706
460

Physical Environment
No. of Vehicles
1
2
3
4
Road Surface
Paved
Unpaved
Region
Rural
Urban
Event Type
Exit Roadway
Fixed Object
Motor Vehicle in
Transport
Moving Object
Other Vehicle
Overturn
Pedestrian

38
44

9.8
11.4

28
36

15.3
19.7

50
59

13.6
16.1

116
139

70
15
185
27
8

18.1
3.9
47.8
7
2.1

18
3
50
31
17

9.8
1.6
27.3
16.9
9.3

99
14
122
17
6

27
3.8
33.2
4.6
1.6

187
32
357
75
31

Crash Severity
PDO
Minor Injury
Major Injury
Fatality

198
159
94
32

41
32.9
19.5
6.6

52
141
71
15

18.6
50.5
25.4
5.4

231
161
55
25

48.9
34.1
11.7
5.3

481
461
220
72
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4.2.1

Risk Factor Analysis

Chi-Square analysis results are shown in Table 4.6. The number of incidents varied significantly by crash

severity level. Incidents were grouped into the four severity levels: property damage only, minor injury,
major injury, and fatality (500, 494, 257, and 94 incidents, respectively). Significant effects in crash

severity were observed from variation in time of day, season, rural vs. urban location, functional class,

road surface, crash mechanism, number of vehicles involved, number of occupants, age of driver, blood
alcohol content, and safety equipment used.
Overrepresentation and underrepresentation of cell values, qualifying as greater or less than the

expected cell value for tests with high significance, respectively, were noted. Serious injuries and
fatalities were correspondingly underrepresented in the morning but overrepresented in the late night.

For seasons, summer and winter represented primarily use of OHVs and snowmachines, respectively.

Major injuries were overrepresented in the summer season while fatalities were overrepresented for
the winter season. The analysis also indicates the trend of serious injuries being overrepresented on

collectors and fatalities being overrepresented on rural roadways and interstates. While serious injuries
were overrepresented for collectors, fatalities were underrepresented.
Crash mechanisms that were overrepresented for serious injury or fatality include: exiting roadway,

striking fixed object, moving object, other, overturn, and pedestrian. Single vehicle crashes were
overrepresented for serious injuries or fatalities while multivehicle crashes were underrepresented.
Fatalities were overrepresented for OHVs with one occupant while serious injuries were

overrepresented for crashes involving two or more occupants. Fatalities were underrepresented for
OHVs holding three occupants and greater than three occupants. Notable trends observed in the effects
of age on crash severity was overrepresentation of minor or serious injuries and underrepresentation of
fatalities in drivers under the age of 21 but overrepresentation of serious injuries or fatalities in drivers
over the age of 21. Individuals with blood alcohol content over 0.08 exhibited overrepresentation for
serious injury and fatality. Fatalities and serious injuries for users not wearing helmets were

overrepresented while being underrepresented for users wearing helmets or seatbelts.

41

Table 4.6 Chi-Square analysis of crash severity risk factors
Total

n (%)

Time of Day

Day of Week

Season

Location
Distance to
Nearest Trail

Functional
Class

Road Surface

Crash
Mechanism

ACCIDENT SEVERITY
MINOR
SERIOUS
N0 INJURY INJURY
INJURY

Statistic
Chi-Square
FATALITY
p-value
(df)

5:00-10:59

154 (11.7)

78 (15.8)

49 (10.1)

21 (8.6)

6 (6.7)

11:00-17:59

595 (45.2)

249 (50.4)

229 (47)

93 (38)

24 (27)

18:00-21:59

316 (24)

60 (24.5)

22 (24.7)

108 (21.9) 126 (25.9)

22:00-4:59

250 (19)

59 (11.9)

83(17)

71 (29)

37 (41.6)

Monday

223 (16.6)

97 (19.4)

78 (15.8)

33 (12.8)

15 (16)

Tuesday

168 (12.5)

63 (12.6)

59 (11.9)

34 (13.2)

12 (12.8)

Wednesday

258 (19.2)

88 (17.6)

95 (19.2)

54 (21)

21 (22.3)

Thursday

199 (14.8)

65 (13)

79 (16)

46 (17.9)

9 (9.6)

Friday

165 (12.3)

66 (13.2)

57 (11.5)

29 (11.3)

13 (13.8)

Saturday

162 (12)

53 (10.6)

67 (13.6)

29 (11.3)

13 (13.8)

Sunday

170 (12.6)

68 (13.6)

59 (11.9)

32 (12.5)

11 (11.7)

FALL

165 (12.3)

63 (12.6)

57 (11.5)

33 (12.8)

12 (12.8)

SUMMER

388 (28.8)

101 (20.2)

178 (36)

86 (33.5)

23 (24.5)

WINTER

616 (45.8)

280 (56)

180 (36.4)

108 (42)

48 (51.1)

SPRING

176 (13.1)

56 (11.2)

79 (16)

30 (11.7)

11 (11.7)

RURAL

807 (63.6)

212 (46.6) 328 (69.3)

190 (76)

77 (84.6)

URBAN

462 (36.4)

243 (53.4) 145 (30.7)

60 (24)

14 (15.4)

<1000m

63 (26.7)

14 (17.9)

32 (36)

12 (21.8)

5 (35.7)

1000m-5000m

133 (56.4)

51 (65.4)

42 (47.2)

34 (61.8)

6 (42.9)

>5000m

40 (16.9)

13 (16.7)

15 (16.9)

9 (16.4)

3 (21.4)

LOCAL ROAD

507 (41.4)

158 (33.7) 200 (44.2) 104 (47.3)

45 (53.6)

MINOR COLLECTOR

181 (14.8)

61 (13)

68 (15)

41 (18.6)

11 (13.1)

MAJOR COLLECTOR

146 (11.9)

41 (8.7)

60 (13.2)

36 (16.4)

9 (10.7)

MINOR ARTERIAL

136 (11.1)

66 (14.1)

50 (11)

12 (5.5)

8 (9.5)

PRINCIPAL ARTERIAL

160 (13.1)

93 (19.8)

53 (11.7)

12 (5.5)

2 (2.4)

INTERSTATE

96 (7.8)

50 (10.7)

22 (4.9)

15 (6.8)

9 (10.7)

PAVED

695 (75.7)

327 (88.6) 228 (68.5) 110 (67.5)

30 (56.6)

UNPAVED

223 (24.3)

42 (11.4)

105 (31.5)

53 (32.5)

23 (43.4)

EXIT ROADWAY

139 (12.6)

16 (4.3)

67 (16.3)

37 (15.7)

19 (21.8)

FIXED OBJECT

159 (14.4)

49 (13.2)

47 (11.4)

36 (15.3)

27 (31)

VEHICLE IN-TRANSPORT 185 (16.7)

105 (28.2)

59 (14.4)

19 (8.1)

2 (2.3)

MOVING OBJECT

32 (2.9)

19 (5.1)

7 (1.7)

3 (1.3)

3 (3.4)

OTHER

74 (6.7)

13 (3.5)

35 (8.5)

21 (8.9)

5 (5.7)

OTHER VEHICLE

390 (35.3)

163 (43.8) 139 (33.8)

74 (31.4)

14 (16.1)

OVERTURN

87 (7.9)

43 (10.5)

31 (13.1)

9 (10.3)

4 (1.1)

77.1 (9)

<0.0001

15.4 (18)

0.64

51.9 (3)

<0.0001

97.5 (3)

<0.0001

9.39 (6)

0.15

79.8 (15)

<0.0001

59.4 (3)

<0.0001

198 (21)

<0.0001

PEDESTRIAN
40 (3.6)
3 (0.8)
14 (3.4)
15 (6.4)
8 (9.2)
Notes: (1) Bold font indicates significance of p < 0.05; (2) Bold and italic font indicates significance of p < 0.01
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Table 4.6 (cont.) Chi-Square analysis of crash severity risk factors
Total

n (%)
Number of
Vehicles

Number of
Occupants

Sex

Age Range
(Driver)

Blood Alcohol
Content

Safety
Equipment
Used

ACCIDENT SEVERITY

N0 INJURY MINOR INJURY SERIOUS INJURY

FATALITY

1

460 (34.2)

65 (13)

192 (38.9)

135 (52.5)

68 (72.3)

2

841 (62.5)

414 (82.8)

286 (57.9)

117 (45.5)

24 (25.5)

>2

38 (2.8)

16 (3.2)

15 (3.0)

5 (1.9)

2 (2.1)

1

962 (72.3)

388 (79.3)

332 (67.6)

168 (65.4)

74 (78.7)

2

293 (22)

74 (15.1)

133 (27.1)

68 (26.5)

18 (19.1)

3

42 (3.2)

16 (3.3)

17 (3.5)

9 (3.5)

0 (0)

>3

34 (2.6)

11 (2.2)

9 (1.8)

12 (4.7)

2 (2.1)

FEMALE

286 (26.1)

79 (26.2)

133 (29.4)

57 (23)

17 (18.5)

MALE

809 (73.9)

223 (73.8)

320 (70.6)

191 (77)

75 (81.5)

<16

278 (23.6)

67 (18.1)

137 (29.6)

67 (26.9)

7 (7.5)

16-20

237 (20.2)

51 (13.7)

123 (26.6)

49 (19.7)

14 (15.1)

21-25

142 (12.1)

38 (10.2)

54 (11.7)

40 (16.1)

10 (10.8)

26-30

99 (8.4)

42 (11.3)

24 (5.2)

22 (8.8)

11 (11.8)

31-35

77 (6.5)

29 (7.8)

23 (5)

15 (6)

10 (10.8)

36-40

79 (6.7)

32 (8.6)

26 (5.6)

12 (4.8)

9 (9.7)

41-45

64 (5.4)

20 (5.4)

21 (4.5)

14 (5.6)

9 (9.7)

46-50

58 (4.9)

19 (5.1)

19 (4.1)

10 (4)

10 (10.8)

51-55

62 (5.3)

30 (8.1)

14 (3)

12 (4.8)

6 (6.5)

>55

80 (6.8)

43 (11.6)

22 (4.8)

8(3.2)

7 (7.5)

<0.08

106 (54.1)

46 (86.8)

35 (53.8)

19 (41.3)

6 (18.8)

>=0.08

90 (45.9)

7 (13.2)

30 (46.2)

27 (58.7)

26 (81.3)

HELMET

211 (22.2)

50 (22.2)

93 (23)

54 (23.1)

14 (16.1)

NOT USED

600 (63.2)

94 (41.8)

262 (64.9)

173 (73.9)

71 (81.6)

SEAT BELT

135 (14.2)

81 (36)

47 (11.6)

6(2.6)

1 (1.1)

Statistic
Chi-Square
p-value
(df)
203 (6)

<0.0001

35.0 (9)

<0.0001

6.51 (3)

0.089

109 (27)

<0.0001

41.9 (3)

<0.0001

137 (6)

<0.0001

Notes: (1) Bold font indicates significance of p < 0.05; (2) Bold and italic font indicates significance of p < 0.01
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4.2.2

GIS Crash Analysis

Three spatial analyses were completed: testing for complete spatial randomness of crashes, analyzing

distance from crashes to road-trail intersections, and point density of crashes. Complete spatial

randomness of crash locations was rejected in favor of clustering. The EDF is shown in Figure 4.5. The
darker line indicates the nearest neighbor distribution of the actual crashes while the grey lines are the

distributions of the nearest neighbors from the simulated data sets. Note how the actual crash data set
had the most extreme distribution in terms of close nearest neighbors which indicates that clustering
exists. The CSR test resulted in a p-value of 0.01.

Figure 4.5 EDF of Monte Carlo Simulation test for CSR
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The analysis of distance from crash site to nearest road-trail intersection follows an exponential
distribution function with approximately 80 percent of crashes occurring within 5 kilometers of a road

trail intersection (see Figure 4.6). While one crash occurred nearly 62 kilometers from the nearest road
trail intersection, the remaining 238 OHV crashes occurred within 16 kilometers of a road-trail
intersection. The distance to road-trail intersections for non-OHV crashes followed a similar trend to the

OHV crashes. The largest discrepancy can be seen in the cumulative distribution chart which indicates an

increased likelihood for OHV crashes to occur within approximately seven kilometers or less of road-trail
intersections compared to non-OHV crashes.

Figure 4.6 (a) Cumulative distribution and (b) probability distribution of distance from crash site to
nearest road-trail intersection
Crash density varied significantly by town (see Figure 4.8 through Figure 4.18). In general, more

populous locations saw higher crash densities (e.g. Anchorage, Fairbanks, Palmer, Wasilla). However,

Barrow was observed to exhibit an exceptionally high number of crashes with respect to population.
Crash density and CSI density reported similar outcomes in crash patterns. In Anchorage, the CSI density

analysis displays more extreme hot spots and the addition of two hot spots to the east of downtown
Anchorage. It can be observed that the downtown of Bethel has the highest densities of crashes and CSI.
Similar findings are observed in Anchorage, Barrow, Fairbanks, and the Palmer-Wasilla region. The

analysis of Fairbanks indicates a hot spot of CSI density on the Parks Highway in the locale of the
Fairbanks Parks Highway observation study. The analysis of the Palmer-Wasilla region indicates high

frequencies of crashes including a CSI hot spot in Wasilla. The towns of Anchor Point, Delta Junction,
Ester, Healy, Nome, and Tok had relatively few and sparse crashes.
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Figure 4.7 Statewide OHV crash locations
46

Figure 4.8 Anchor Point (a) crash locations (b) crash density (c) CSI density

Figure 4.9 Anchorage (a) crash locations (b) crash density (c) CSI density

47

Figure 4.10 Barrow (a) crash locations (b) crash density (c) CSI density

Figure 4.11 Bethel (a) crash locations (b) crash density (c) CSI density

48

Figure 4.12 Delta Junction (a) crash locations (b) crash density (c) CSI density

Figure 4.13 Ester (a) crash locations (b) crash density (c) CSI density

49

Figure 4.14 Fairbanks (a) crash locations (b) crash density (c) CSI density

Figure 4.15 Healy (a) crash locations (b) crash density (c) CSI density

50

Figure 4.16 Nome (a) crash locations (b) crash density (c) CSI density

Figure 4.17 Palmer-Wasilla (a) crash locations (b) crash density (c) CSI density
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Figure 4.18 Tok (a) crash locations (b) crash density (c) CSI density
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5. DISCUSSION

5.1 OHV Field-Based Observations

This study employed the use of several datasets to objectively measure usage and safety issues related
to OHV travel in Alaska. This research contributes new methods and data for unconventional vehicle
safety in a transportation context. Specifically, this research examined the frequency of OHVs using

public facilities and the accompanying crash risk factors associated with riding with passengers, lack of
helmet use, and operation on roads. Additional risk factors such as vehicle type, directionality in relation

to highway traffic, time of day, and period during the week were also investigated. Crash data indicate
OHV crash rates are comparable to motorcycle crash rates which is consistent with the Alaska DOT&PF
(2018b) Strategic Highway Safety Plan, specifically noting OHV use as a target safety issue due to the

significant number of injuries and fatalities. This research serves to improve understanding of OHV use
and behavior to provide additional insight for strategies to reduce crash rates.
Results of the field-based observation study indicate that there is considerable OHV traffic on public
rights-of-way, though this use varies significantly by location with a substantial number of users

exhibiting one or more of identified risk factors (e.g., riding with unlawful passengers or lack of helmet
use). On-road use was frequently observed with 88.8 percent of vehicles riding on or crossing a road or
multi-use path and over half (52.6 percent) of vehicles riding unlawfully on the road. The mean observed

helmet use was 30.8 percent which was substantially lower than the 48.5 percent of respondents in a
statewide survey who reported to wear helmets always or often (Belz, 2017). While helmet use is not

required under state law, this statistic is concerning due to the increased risk of serious injury or fatality
associated with not wearing a helmet if one were to be involved in a crash. Passengers were observed
riding on 23.5 percent of OHVs. More concerning, passengers were observed to be riding without a

properly designed seat 64.8 percent of the time. Additional risk behavior included vehicles riding in the
road lane or shoulder in the opposite direction of traffic which was observed in 24.7 percent of on-road

vehicles, excluding those on multi-use paths.
Exhibited risk behaviors varied significantly by location. In Delta Junction, 86 percent of users were
observed wearing helmets, only 10 percent of vehicles were riding with unlawful passengers, and 13
percent rode on the road unlawfully. Other locations with relatively low unlawful passenger ridership

were Farmer's Loop in Fairbanks, Parks Highway in Healy, Tok, Two Rivers, and Palmer. Meanwhile,
locations such as Tok, Bethel, and Nome had particularly low helmet usage. Bethel presented

particularly concerning statistics where only 4 percent of users wore helmets across all observation
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locations and 36 percent of vehicles on Ridgecrest Drive and Chief Eddie Hoffman Highway carried
passengers who did not have a proper seat. While unquantified, nearly all the 63 percent of vehicles

with passengers on 1st Avenue with passengers without properly designed seats. The highest rates of

risk-tolerant behaviors were exhibited in towns where OHV use is legal and occurred on non-statemaintained roads.

The geographical discrepancies in compliance with safety behaviors may be due to social factors.

Anderson (1971) found that 58 percent of passengers wore their seat belt if the driver was wearing one
but only one percent of passengers wore their seatbelt if the driver did not wear one. Katz and

Lazarsfeld (1955) found a significant increase in seatbelt use after distributing bumper stickers stating
that the driver of the vehicle wears seatbelts. Wilson et al. (1972) found a significant increase in seatbelt
use in parents when their children were educated on the importance of seatbelt use. OHV users may be
more likely to reduce risk-tolerant behaviors when they observe other users following safety

recommendations of wearing helmets and only riding as passengers on vehicles properly designed for
passengers. To encourage more frequent compliance with these safety behaviors, formal education and

mandatory OHV-specific licensing in locations where on-road use is permitted is recommended. Just as
drivers must display competence and knowledge of passenger car or motorcycle use and rules of the

road, OHV users should be educated and deemed competent for use of OHVs before operating them on
roads.
Of additional concern is recreational riding on roadways as was observed anecdotally in several
locations and most frequently in Bethel, Delta Junction, and Healy. Most residents are aware of risk-

tolerant behaviors such as children racing snowmachines on the roads late at night and users operating

without lights in the dark winter months (Demer, 2016). While unmeasured, OHV speeds were often
estimated to be greater than the limits applied by local legislation in Bethel and Nome. Additionally,

many children were observed operating OHVs without supervision which violates the age and licensure
restrictions. To effectively reduce risk-tolerant riding these restrictions must be enforced.

Residents of non-road-connected communities have made it clear that OHVs are a necessary form of
transportation (Demer, 2016). In such communities, OHVs are the primary mode of transportation for

many residents. Design and legislation should accommodate this population. Discontinuities between
state and local roads in towns where on-road OHV use is permitted leads to high rates of unlawful use

on the state-owned roadways. This was observed on Chief Eddie Hoffman Highway as well as Ridgecrest
Drive and the Nome-Teller Highway. These relatively high-volume roads are in some locations the only
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established route connecting attractions. To prohibit the significant portion of residents whose primary

or sole mode of transportation is an OHV from accessing these areas raises equity concerns. While riding

in the right-of-way of state roadways beyond 3 feet from the road edge is currently permitted, none of
these locations were conducive to riding in such areas due to terrain or obstacles. The cost of passenger

car ownership and taxicab riding can be cost prohibitive which leaves residents with no choice but to

ride unlawfully on the roadway to reach certain destinations.
Design for on-road OHV specific infrastructure or multimodal roadways are recommended in these
locations where there is frequent and necessary on-road use. Enforced speed limits would encourage

lower travel speeds on multimodal roadways. Design for reduced OHV speeds on multimodal roads such

as city-owned roads in Bethel remains challenging as reduced lane widths and other standard speed
reduction measures impact conventional highway vehicles more than OHVs. However, redesign of local

roads (e.g., the inclusion of center islands, lane chokers, or reduced width of the travelled way) in towns
such as Bethel and Nome could reduce crash rates for all modes. Other considerations include the

development of a neighborhood speed watch program where residents report drivers to law
enforcement who operate unsafely. If successfully implemented, such a program would be particularly

useful as law enforcement officers in these towns claim they do not have the time to frequently enforce
traffic rules due to other priorities (Demer, 2016). The program would enable law enforcement to

identify offenders based off a broader perspective they could not achieve alone.
OHV-specific infrastructure could include the development of grade or barrier separated unpaved trails

of appropriate widths. Such infrastructure would be useful along state-owned roads where speed limits

are often much higher than desirable OHV speeds and could be designed to encourage lower speeds
while not affecting roadway speeds. While OHVs operated primarily on the shoulder on state-owned

roads in Bethel, the full lane was most frequently used on the Nome-Teller Highway resulting in OHV
users operating at noticeably higher speeds. It is noteworthy to add that the Nome-Teller Highway was
also the only location which any vehicle in the lanes would trigger the motion detecting cameras in

videos which likely resulted in increased frequency of observed OHV use of the full lane.
Chi-Square tests indicated that period during the week, time of day, and vehicle type had significant

effects on the primary risk-tolerant behaviors of on-road riding, unlawful on-road riding, riding on-road

opposing the direction of highway traffic, helmet use, and riding with passengers and unlawful
passengers. Some higher risk-taking behaviors were observed on weekends (Friday through Sunday)
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such as on-road use, unlawful on-road use. Meanwhile, users not wearing helmets and OHVs operating
on-road in the opposing direction of traffic was more likely on weekdays.
It was found that on-road use is overrepresented for the time periods from 11:00am to 6:00pm and

10:00pm to 5:00am. Unlawful on road use is overrepresented for all time periods except for 6:00pm to

10:00pm. Users not wearing helmets were overrepresented for the 6:00pm and 10:00pm period. This
result is concerning because the highest traffic rates are also seen during this period.

ATV users were overrepresented for riding with unlawful passengers and riding on the road in the
opposing direction of traffic. Motorbike users were overrepresented for on-road riding and not wearing
helmets but underrepresented for riding with passengers. UTV users were overrepresented for not
wearing helmets and riding with passengers while they were underrepresented for on-road and

unlawful on-road riding, riding with unlawful passengers, and riding on-road in the opposing direction of
traffic. ATVs are likely overrepresented for riding with unlawful passengers because a passenger can
comfortably ride on the back of the driver's seat. Similar trends were noticed for motorbikes riding with

passengers. Anecdotally, passengers riding without a properly designed seat were most frequently
sharing the driver seat because the seats are long enough to accommodate two users comfortably.

Despite manufacturer warnings and the laws in some jurisdictions, users continue to ride as passengers

in unsafe manners because they can do so comfortably.
In the three locations where use of the buffer areas between traveled way and shared use paths was
observable, over half (61%) of users rode in the buffer area. Although not technically illegal per Title 13

of Alaska Administration Code 02.455, the significant amount of use of the buffer area is of concern for

several reasons. Firstly, the nature of the path worn by OHVs damages the terrain and often undermines
the transportation infrastructure causing damage. Secondly, the high amount of material displaced as

shown in Figure 5.1 also migrates onto the paved surfaces which can be a significant safety issue for
non-motorized users (e.g., cyclists). The Alaska code does not currently state any required separation

distance for OHVs from paved non-motorized pathways. Thirdly, use in these areas promotes common
and frequent use of and crossings of the roadways and separated paths as a result of the placement of
lights and other roadway signage often without heeding guidance in the code for necessary stops before
making a crossing maneuver. Fourthly, use of the buffer areas by OHVs is quite frequently bi-directional

creating directional conflicts with both motorists and non-motorized users. Lastly, currently no guidance
exists in the state code regarding the crossing of private drives and other local access roads that cross

primary corridors and OHV use in such environments degrades these facilities at their points of
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intersection. Anecdotally, this impact can be seen at many locations along the Parks and Richardson

highways where landowners have begun to blockade their access points because of OHV damage (see

Figure 5.1b).
These observed issues call for the need to (or necessitates) changes and/or modifications to 13 AAC

02.455, specifically in regard to use near non-motorized pathways and corridors and across driveways
and other access points to better protect vulnerable road users as well as ensure longevity of our
transportation infrastructure.

Figure 5.1 (a) Example of gravel propagation onto a multiuse path due to OHV use adjacent to path (b)
example of informal design to reduce driveway damage from OHV use

Areas with high multimodal traffic volumes are of concern due to increased potential conflicts. The
intersection of the Parks Highway and Hilltop Road-Healy Spur Road in Healy is particularly concerning

due to the high multimodal traffic volumes and the lack of infrastructure for pedestrians and OHVs (see
Figure 5.2). The AADT on the Parks Highway at the intersection is approximately 2,000 vehicles a day
while the AADT is approximately 840 and 1,700 for Hilltop Road and Healy Spur Road, respectively
(Alaska DOT&PF, 2018a). ADT is likely higher during summer months due to tourism. During the

observation periods, ADTs were measured to be 41 for OHVs and 483 for pedestrians in the southwest

corner of the intersection. Pedestrian infrastructure is not provided in the area and pedestrians and
OHVs were observed sharing the area in the ditch to navigate the intersection.
Infrastructure improvements at the intersection of the Parks Highway and Hilltop Road in Healy are
recommended for consideration due to the high rates of use of highway vehicles, OHVs, and

pedestrians. Of concern is the presence of sprawling informal trails which allows for higher speed
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crossings by OHVs as well as increased conflict potential for users of these trails. At least eight unique

routes were observed to be used by OHVs at this intersection, many of which were bidirectional and
operating unlawfully on the roadway in the opposite direction of highway vehicle travel. The limited

sight distance for the OHV users and pedestrians intending to cross the Parks Highway from the ditch is
cause for additional concern, especially given that highway vehicles on the Parks Highway travel at

significant speeds through the intersection. Recommendations include reducing the speed limit on the
Parks Highway at the intersection and physical design to reduce the number of unique informal routes.
The three primary movements observed were OHVs crossing the Parks Highway, crossing Hilltop Road,

and turning between Parks Highway and Hilltop Road. Placement of physical barriers such as bollards or
guardrail could be utilized to encourage acceptance of the three primary routes representing the
necessitated movements. Additionally, raising the ditch elevation to allow for improved sight between

the OHVs or pedestrians and highway vehicles is recommended. Due to the significant OHV use at this

location, physical design preventing OHV use is discouraged as users would be expected to develop new

informal trails or operate longer distances on the roadways.

Figure 5.2 (a) ATV with passenger travelling between pedestrians in Healy (b) ATV navigating around a
pedestrian in Healy

The evidence suggests there is high variation of OHV use of public facilities within towns. The Teller

Highway and Council Highway recorded the minimum and maximum average daily traffic counts for the
study, respectively.

Expected locations of high traffic volumes were determined based on nearby intersections of trails to
the roadway, establishment of informal trails, and existing knowledge of use. There are likely areas

which do not meet these criteria yet see high traffic levels. Gathering local knowledge on areas of
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frequent use, identifying additional attractions for OHV users, or observation of crash data would allow
for identification of new potential observation sites.
It is expected that the results of the vehicle counts provided in this document still underrepresent actual

usage rates. The image collection and processing methods were designed to reduce the amount of
manual processing time. For example, masking of roadways led to the omission of OHVs using the

roadway, particularly on Ridgecrest Drive in Bethel where OHVs were anecdotally observed using the
lanes. It is possible that OHV traffic on Farmers Loop Road was underrepresented due to users being

deterred by closure of the road shoulder and multiuse path where roadwork was occurring. Further, the
data collection periods are relatively short and do not provide measurement of natural fluctuations in

use by season and throughout the week.
The total observation period in Tok was 9.5 hours due to a battery malfunction. However, we
considered the observations to be representative of the location as the collection period occurred on a

Friday during the daytime when generally high traffic flows have been observed in other locations. As a
result of the quality of the obtained data and the difficulty of obtaining a second set, a second collection

period was determined to be unnecessary. The same justification is provided for the abbreviated
observation period on 1st Avenue in Bethel where manual observation was used.

Another source of variation in vehicle counts was weather. There was a significant decrease in the
hourly OHV traffic observed on the Nome-Teller Highway when comparing days that were cloudy to

those that were rainy. It is expected that the vehicle counts in Nome were most affected by rain as the
observation period had the highest proportion time with rain. However, there was no rain for more than

half the observation period in Nome.

High variance of use was observed at some locations. This variance could be due in part to OHV users

who may pass through the observation frame several times during the same observation period which
has a substantial impact on the total count. This is problematic since the recurring vehicles may be the
result of youths riding recklessly for enjoyment, anecdotally observed several times in Bethel, AK. That

said, this issue is not exclusive to OHV counts and is present in standard automobile traffic counts as
well. Another example was observed in Delta Junction when a group of 13 OHVs were observed in a
single group and accounted 24 percent total vehicles observed in that period. Increasing the length of
observation periods would allow some of these anomalies to be differentiated from more consistent or

regular usage.
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The data provides insight on OHV traffic volumes and driver risk behaviors which before were

unquantified outside of surveys and crash data. Traffic volumes need to be measured at more frequent
spatial intervals to further improve understanding of on-road OHV use patterns. One limitation of the

study was that observations were not obtained in the municipality of Anchorage where DMV data
indicate high crash rates. In addition, the geographical coverage of the study did not include Southeast
or northern Alaska. Representative towns for the Southeast and Northern regions are Juneau and

Barrow, respectively, because they were observed to have significant crash rates in the DMV crash data.

Figure 5.3 displays potential observation locations for these towns.
Improved observation methodology would measure OHVs in road lanes using less labor-intensive

measures. Suggested alternatives include sound recognition of OHV engine noise or improved
automated processing methods which would identify common OHV types by shape. Other potential

observation methods would include a state-wide manual counting initiative like the Fairbanks
Metropolitan Area Transportation System annual bicycle and pedestrian count. Anecdotally, many OHVs
were observed operating within Fairbanks neighborhoods. While the site selection methodology of the

observation study was focused on identifying where users would be utilizing roadways in preference of
trails, it appears that many crashes occur in downtown areas where the trip motivations would not be

trail riding. Identifying alternative motivating factors would broaden potential research locations.

Figure 5.3 Preliminary site selection for (a) Juneau (b) Barrow
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5.2 DMV Crash Data Analysis
The DMV crash data reveals a frequent number of crashes occurring on residential streets. This result
indicates residential area traffic volumes should not be regarded as insignificant. Obtaining estimates of

OHV traffic volumes remains challenging in residential areas due to their dispersion within residential

networks.
Overrepresentation of unpaved roads as a risk factor for increased crash severity contrasted with a

study by Denning and Jennissen (2016) which found higher rates of head injury on paved roads than
unpaved roads. This discrepancy may be explained by the higher proportion of unpaved roads in Alaska.

Unpaved roads comprise approximately 69 percent of public roads by distance in Alaska versus about 32

percent of public roads in the United States including Alaska (Alaska DOT&PF, n.d.; Bureau of
Transportation Statistics, 2018).

Most crashes occur during daytime hours (11:00am to 6:00pm) and on weekdays. Saturdays and
Sundays have the lowest number of crashes. This may indicate utilitarian use may be the result of more

crashes than recreational use as higher recreational use is expected on weekends. It is also expected

that trail rides are more frequent on weekends which may explain the lower crash rates because off
road crashes are not recorded in this data.

Nearly half of crashes occur during winter months, indicating crashes involving snowmobiles are
frequent. Most crashes occur on paved roads (76%) and in rural areas (60%). The most common crash

mechanism is conflict with another vehicle which is seen with over two-thirds of crashes involving more
than one vehicle. Two-vehicle crashes were the most frequent. While two-vehicle crashes were not

identified for overrepresentation for high crash severity incidents, their frequency indicates the need for

further investigation of design characteristics and user behaviors that contribute to these incidents. An

average of approximately 30 percent of on-road OHV crashes involve another vehicle. Notably,
multivehicle crashes are approximately 40 percent more frequent in the Central and Southcoast regions

than the Northern/Western region. This discrepancy may be the result of more frequent lower volume

roads existing in the Northern/Western region.

Most drivers are males (73%) and/or under 30 years of age (65%). Concerningly, nearly a quarter of
drivers were under the age of 16 at the time of the crash. In the central region, a third of drivers were

under 16 at the time of the crash. Manufacturers and lawmakers alike state that minors should not

operate OHVs without proper supervision (as shown in Table 2.1). Helmet use was infrequent with
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about a quarter of drivers wearing helmets. While about half of drivers were using some safety

equipment at the time of the crash for the central and Southcoast regions, less than 10 percent of
drivers were reported to have been using safety equipment in the Northern/Western region. The

benefits of using safety equipment are well known and this statistic indicates the need for a safety

improvement initiative, particularly where OHVs are being used for daily transportation needs and
consequently increasing the user's exposure.

5.2.1

Risk Factor Analysis

The Chi-Square analysis indicates the overrepresentation of serious injury and fatality for users not using

safety equipment. This relatively high rate agrees with the large body of literature surrounding helmet
use. Although there is very limited research regarding seat belt use for OHVs, their use is known to

reduce crash severity in automobile crashes which agrees with the findings that seat belt use resulted in

underrepresented serious injuries and fatalities. These effects may also be attributed to the presence of
a roll cage that accompanies seat belts in UTV design.
Riding with two and greater than three occupants resulted in overrepresentation for serious injuries.
Existing literature describes increased likelihoods of serious injury and fatality for OHVs carrying

passengers (Denning et al., 2013; McBride et al., 2011). Interestingly, fatalities were underrepresented
for all vehicles with passengers. There was overrepresentation for fatalities but underrepresentation for

major injury for vehicles with one occupant. The increased risk for fatality for OHVs with no passengers

may indicate increased risk behaviors such as riding under the influence of alcohol or at higher speeds.
From inspection of the Chi-Square tables it appears that there are interacting risk factors on crash

severity outcome. In particular, the crashes occurring on unpaved roadways are mostly occurring on

local roads and collectors and in rural areas. These were all factors which were overrepresented for
serious injury and fatality crash severity outcomes. Similarly, the overrepresented crash mechanisms for
serious injury and fatality are representative of single vehicle crashes, which were also overrepresented
for those crash severity levels. In particular, the mechanisms of exit roadway, crashing into fixed object,

and vehicle overturn which were overrepresented for more severe crashes are commonly exhibited in
single vehicle crashes. While this research does not investigate contributing factors to crashes of

relatively low severity crashes, these incidents should be investigated in further detail due to their high

frequency.
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Crash severity was determined based off the most severe result from the crash. While this method

provided a basic model of the crash outcome, the crash severity of individuals in multi-person crashes
were not identified. This omission may have led to some misrepresentation of the crash severity factors

as they were based upon the primary OHV's driver's behaviors. However, most crashes involved single
vehicle, single occupant crashes for which the behaviors would be matched to the correct severity
outcome. Many of the crash factors analyzed are also independent of the individual's behavior. The
crash parameters that would have been most likely incorrect by this generalization would be for safety

equipment used, blood alcohol content, age, and sex for passengers or the occupants of the secondary
vehicle listed in the crash. Despite these generalizations, the contributing behaviors of the OHV operator

were recorded which is representative of the contributing crash factors and outcome.

Education and enforcement of policy reducing the frequency of OHV operation at night, in the summer,

in rural areas, on unpaved roads, with passengers, under the influence of alcohol, and without the use of
safety equipment is required to reduce the frequency of OHV crashes in Alaska. There was on average

over five crashes per year in which the operator of the OHV was confirmed to be under the influence of

alcohol.
Due to varying needs for OHVs by location, establishment of policy under local jurisdictions is
recommended. Despite on-road use being prohibited, the Matanuska-Susitna Borough was ranked as

having the highest number of crashes. Including the Matanuska-Susitna Borough, the four most
populous boroughs and most of the cities within them do not allow on-road OHV use but are ranked in

the top six boroughs for number of OHV crashes. This is a clear indication that many OHV users ignore
the ban of on-road use. The Unorganized Boroughs of Alaska reported the highest number of fatal
crashes with 30 over the 17-year analysis period, greater than the combined fatalities of the three
boroughs with the most frequently reported crashes.

5.2.2

GIS Crash Analysis

Complete spatial randomness of crash locations was rejected in favor of clustering. This conclusion was

expected based on a prior test for CSR for all highway crashes in Minnesota (Chang, 2016). The crash
data can be extrapolated to represent OHV usage patterns. The practical implications of this result are

that OHVs are operating in similar areas to one another. From observation of the crash locations it can
be observed that crashes are more frequent inside of city limits than outside of city limits. This implies

that users are operating and accessing points of interest from and near to their place of residence.

63

The analysis of distance from the crash site to the nearest road-trail intersection indicates an
exponential distribution with approximately 80 percent of crashes occurring within five kilometers of a

road-trail intersection. Coincidentally, approximately 80 percent of crashes occur within five kilometers
of another crash as well. This proportion indicates that there is some clustering of crashes around road

trail intersections. It is likely that just as more OHV users operate in higher population areas, more trails

are present near higher population areas. However, the comparison of non-OHV and OHV crash

distances to road-trail intersections indicates that OHVs are more likely to be involved in a crash within
approximately seven kilometers or less of a road-trail intersection than non-OHVs. This increased

probability of OHV crashes near road-trail intersections indicates that some OHV users are operating on
roadways to access trails. While crashes within city limits were excluded from the analysis, many crashes

were observed in suburban locations outside of city limits.
Crashes were observed to be most frequent in higher population areas such as Anchorage, Fairbanks,

Palmer, and Wasilla. Barrow had disproportionately high crash frequencies with respect to the town's

population. In Anchor Point, Delta Junction, Ester, Healy, Nome, and Tok there were few observed
crashes which results in more limited understanding of OHV use in these areas.

The town of Ester lies adjacent to Fairbanks and is connected by the Parks Highway, which was observed

to have significant OHV usage in the observation study. It is possible that crashes occurring in the
eastern end of Fairbanks metropolitan area, such as the hot spot which can be observed in the upper

left corner of Figure 4.14c, were related to trips in being made either to or from Ester. One documented
crash occurred near Farmers Loop where significant OHV use was noted in the observation study.

In the three most populous areas of Anchorage, Fairbanks, and Palmer-Wasilla, the highest crash

frequency and resulting cumulative severities were observed in downtown areas near the central
business districts. Similar trends were observed in Bethel and Barrow. This indicates that many of the
users in these areas have no intentions to access trails but instead intend to for their trip to be on-road.

Furthermore, while the observation location in Healy recorded on average over 40 OHVs a day, only one
crash is reported. Healy is a trail riding destination for OHV users which may draw use away from
roadways.

There was high variation of number of crashes in towns not connected on the road network. The OHV

ADT for Council Highway in Nome was over 48 yet there was only one crash observed in the area.

Meanwhile, Chief Eddie Hoffman Drive in Bethel was recorded to have an ADT of over 46 and significant
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use was observed on Ridgecrest Drive and 1st Avenue but 12 crashes were also reported in that area.

While observations were not conducted in Barrow, similar traffic levels to Bethel and Nome are
expected yet there are 43 crashes in the area. This discrepancy needs to be researched further as the
variation between town's legislation, infrastructure, and attitude regarding on-road OHV use holds the

potential to identify methods to reduce crash rates.
The point density analysis included all crashes within the one-mile by one-mile neighborhood area,
including when the neighborhood consisted of a water body or off-network area. The true crash

densities are likely underrepresented because the crashes are confined to on-land and on-network
locations. These edge effects may have resulted in underrepresentation of crash density on the outer
edges of a network where the area for a potential crash to occur is a fraction of the total neighborhood

area. Nonetheless, the analysis provides useful insight to general locations which crashes are frequently
occurring or occur with high severity.
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CONCLUSION

The primary goals of the research presented in this manuscript were threefold. Firstly, quantify the

frequency of OHV use and risk-taking behaviors on public rights-of-way. A novel method was employed
to obtain OHV observations and address previously unquantified OHV traffic and behavior patterns at 14
locations in the state of Alaska. Secondly, identify contributing risk factors of on-road OHV crashes based

on crash records maintained by the DMV for the period of 2000 through 2016 were identified. Lastly,
conduct a spatial analysis of crash records maintained by the DMV for the period of 2009 through 2016.

Significant OHV use was observed at most of the count locations with three locations having an
observed average daily traffic of over 40 vehicles per day, a comparable volume to highway vehicle
traffic on small local roads in Alaska. Risk-taking behaviors were also frequently observed with

approximately 70 percent of users riding without helmets, two-thirds of passengers riding on vehicles
not designed to carry passengers, and over half riding unlawfully on the roadway. These results indicate
the need for further consideration of both policy and laws that discourage dangerous behaviors as well

as new design or infrastructure changes to deter the unlawful use of OHVs on public roads. That said,

OHVs are a critical transportation mode for many residents of Alaska and solutions must consider
transportation equity concerns of on-road OHV use while also addressing safety. One might consider the

addition of OHV-specific infrastructure in locations where OHV traffic is comparable to passenger car
traffic.
Based on the analysis of the DMV crash records, OHV crashes are overrepresented in urban or suburban

areas. This pattern alone indicates that a vast majority of on-road OHV users have no intention of

operating on trails which represents commonplace disregard to the law as most towns and
municipalities do not allow on-road riding. Two-vehicle OHV crashes (either with another OHV or with a

personal automobile) are most frequently observed which highlights the concerns of on-road crash rates
due to disparate capabilities between OHVs and highway vehicles. This further illustrates the need for
increased enforcement of unlawful on-road OHV use or the addition of OHV-specific infrastructure.

While on-road OHV use is essential to many Alaskans living in isolated communities, safety issues need

to be addressed. Disturbing rates of risk behaviors were exhibited in Bethel, where only four percent of
users wore helmets and over a third of vehicles carried passengers and did not have the proper

equipment with which to do so. Equity issues in these communities persist as well. Passenger cars,
OHVs, pedestrians, and dog teams utilize the same streets despite drastically disparate capabilities and
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speeds which results in frequent multimodal crashes. The streets are primarily designed for passenger

cars and other highway vehicles despite that many of the roadway users are using different modes. With

no use-specific infrastructure these users are at higher risk for crashes. While OHVs are a primary mode
of transportation for many residents in isolated communities, infrastructure development remains

focused on accessibility and mobility for highway vehicles. One possible approach would be to create
OHV-specific infrastructure within the right-of-way that does not impact the roadway traffic. Most on

road OHV crashes in Alaska are in towns and villages on the contiguous road network. The utilization of
OHVs on highway vehicle and pedestrian infrastructure places themselves and other road users at risk.
Due to the discrepant requirements for OHV use between Alaskan towns, changes must address the

unique needs of local jurisdictions to ensure safety and equity for residents.
Future research on OHV safety and the use of OHVs within public rights-of-way should include the

following recommendations. First, a more robust traffic count program specifically for OHVs to include

additional locations with additional emphasis on urban OHV use that occurs over longer time periods.

This count program would be best combined with further refinement of the video-based counting
method to include better automated detection and counting such as the use of MATLAB's object
identification technology to allow for the identification of common OHV body types. In addition,

inclusion of road lanes in future observations would help to obtain a more comprehensive

understanding of on-road use and distribution of use within the right-of-way (e.g. riding in ditch,
shoulder, or lane). Secondly, quantifying the effect of increased enforcement or more strict policies

regarding on-road and unsafe OHV use in Alaska is recommended to better understand the efficacy of

methods for reducing crash rates. Lastly, a synthesis of nationwide approaches by DOTs and other
transportation agencies to addressing OHV safety issues in a transportation context would be incredibly
valuable and could be facilitated by a National Collaborative Highway Research Program synthesis study.

68

7. REFERENCES

Adams, L., Aitken, M., Mullins, S., Miller, B., & Graham, J. (2013). Barriers and facilitators to all-terrain
vehicle helmet use: Journal of Trauma and Acute Care Surgery, 75, S296-S300.
https://doi.org/10.1097/TA.0b013e318292421f
Alaska Department of Transportation and Public Facilities. (n.d.). DOT&PF frequently asked questions.

http://dot.alaska.gov/FAQ.shtml
Alaska Department of Transportation and Public Facilities. (2003). Snowmobiles and all-terrain vehicles.

http://www.dot.state.ak.us/highwaysafety/snowmach_atv.shtml
Alaska Department of Transportation and Public Facilities. (2016). Statewide Spreadsheets for Crash

Data 2000-2016.
Alaska Department of Transportation and Public Facilities. (2018a). 2018 annual average daily traffic

(AADT) GIS map. http://dot.alaska.gov/stwdplng/transdata/traffic_AADT_map.shtml
Alaska Department of Transportation and Public Facilities. (2018b). Alaska strategic highway safety plan

2018-2022.
Alaska Division of Motor Vehicles. (2017). 2017 Currently Registered Vehicles.

http://doa.alaska.gov/dmv/research/curreg18.htm

Anderson, T. (1971). Shoulder belt utilization. Chapel Hill: The University of North Carolina Highway
Safety Research Center.

ATV Safety Institute. (2018, May). Parents, youngsters and all-terrain vehicles.
https://atvsafety.org/free-booklets/

ATVs and Snowmachines, Nome, Alaska, Municipal Code § 8.15 (2008).

https://www.codepublishing.com/AK/Nome/#!/Nome08/Nome0815.html#8.15

Beidler, S., Kromhout-Schiro, S., Douillet, C., Riesenman, P., & Rich, P. (2009). North Carolina all-terrain
vehicle (ATV) safety legislation: An assessment of the short-term impact on ATV-related
morbidity and mortality. North Carolina Medical Journal, 70(6), 503-506.

Belz, N. (2017). A literature review conducted for safety evaluation of statewide off-highway vehicle use

in Alaska. Unpublished literature review.
Belz, N. (2019). Safety evaluation of statewide off-highway vehicle use in alaska.

http://hdl.handle.net/1773/43585
Belz, N, & Chang, K. (2016). Mixed-use safety on rural facilities in the pacific northwest.

http://hdl.handle.net/1773/43494

69

Bennet Auction Service. (2018). Watch the video! Yamaha Big Bear 350 ATV with Cycle Country plow and

passenger seat/ storage. https://www.proxibid.com/Estate-Personal-Property/PersonalProperty/Watch-the-Video-Yamaha-Big-Bear-350-ATV-with-Cycle-Country-plow-and-passenger-

seat-storage/lotInformation/43038247

Boots, M. (2017, August 27). Anchorage man killed in ATV crash on Denali Highway. Anchorage Daily
News. https://www.adn.com/alaska-news/2017/08/27/anchorage-man-killed-in-atv-crash-on-

denali-highway/

Bowman, S., Aitken, M., Helmkamp, J., Maham, S., & Graham, C. (2009). Impact of helmets on injuries to

riders of all-terrain vehicles. Injury Prevention, 15(1), 3-7.
https://doi.org/10.1136/ip.2008.019372

Bureau of Transportation Statistics. (2018). Public road and street mileage in the United States by type of

surface. https://www.bts.gov/content/public-road-and-street-mileage-united-states-typesurfacea
Campbell, B., Kelliher, K., Borrup, K., Corsi, J., Saleheen, H., Bourque, M., & Lapidus, G. (2010). All-terrain

vehicle riding among youth: How do they fair? Journal of Pediatric Surgery, 45(5), 925-929.
https://doi.org/10.1016/j.jpedsurg.2010.02.021
Chang, X. (2016). Test of complete spatial randomness on networks. University of Minnesota.

Chomicz, D. (2020, May 6). Troopers seek driver involved in ATV crash on Geist Road on Tuesday.

Fairbanks Daily Newsminer. http://www.newsminer.com/alerts/troopers-seek-driver-involvedin-atv-crash-on-geist-road-on-tuesday/article_46b475aa-8fd7-11ea-942b-7b043c18bb60.html

Demer, L. (2016, October 10). Sudden crackdown on four-wheelers quiets Bethel streets and upsets
residents. https://www.adn.com/alaska-news/rural-alaska/2016/10/10/sudden-crackdown-on-

four-wheelers-quiets-bethel-streets-and-upsets-residents/

Denning, G., Harland, K., Ellis, D., & Jennissen, C. (2013). More fatal all-terrain vehicle crashes occur on
the roadway than off: Increased risk-taking characterises roadway fatalities. Injury Prevention,

19(4), 250-256. https://doi.org/10.1136/injuryprev-2012-040548

Denning, G., & Jennissen, C. (2016). All-terrain vehicle fatalities on paved roads, unpaved roads, and off
road: Evidence for informed roadway safety warnings and legislation. Traffic Injury Prevention,
17(4), 406-412. https://doi.org/10.1080/15389588.2015.1057280

Denning, G., Jennissen, C., Harland, K., Ellis, D., & Buresh, C. (2013). All-Terrain Vehicles (ATVs) on the
Road: A Serious Traffic Safety and Public Health Concern. Traffic Injury Prevention, 14(1), 78-85.

https://doi.org/10.1080/15389588.2012.675110

70

Dougherty, J. (2020, May 6). Troopers release new information about hit and run. Webcenter 11.
https://www.webcenter11.com/content/news/Troopers-release-new-information-about-hit-

and-run-570259321.html
Environmental Protection Agency. (2008). 40 CFR Parts 9, 86, 90, and 1051 control of emissions from
highway motorcycles; final rule (Vol. 73, No. 196). Federal Register.

Federal Highway Administration. (2019). Roadway safety information analysis: A manual for local rural
road owners. https://safety.fhwa.dot.gov/local_rural/training/fhwasa1210/s3.cfm

Florida Highway Safety and Motor Vehicles. (2019). Low speed and all-terrain vehicles.
https://www.flhsmv.gov/safety-center/consumer-education/low-speed-vehicles/

Garland, S. (2014). National estimates of victim, driver, and incident characteristics for ATV-related,
emergency department-treated injuries in the United States from January 2010-August 2010
with an Analysis of victim, driver and incident characteristics for ATV-related fatalities from 2005

through 2007 [PDF format]. https://www.cpsc.gov/s3fs-public/pdfs/ATVSpecialStudyReport.pdf
Government Accountability Office (GAO). (2010). All-terrain vehicles: How they are used, crashes, and

sales of adult-sized vehicles for children's use. https://www.gao.gov/new.items/d10418.pdf

Iowa Department of Natural Resources. (2017). Off-highway vehicle reference guide.

Jennissen, C. A., Harland, K. K., Wetjen, K., Hoogerwerf, P., O'Donnell, L., & Denning, G. M. (2017). All

terrain vehicle safety knowledge, riding behaviors and crash experience of Farm Progress Show
attendees. Journal of Safety Research, 60, 71-78. https://doi.org/10.1016/j.jsr.2016.12.001

Jennissen, C. A., Harland, K. K., Wetjen, K., Peck, J., Hoogerwerf, P., & Denning, G. M. (2014). A School
Based Study of Adolescent All-Terrain Vehicle Exposure, Safety Behaviors, and Crash Experience.

The Annals of Family Medicine, 12(4), 310-316. https://doi.org/10.1370/afm.1663

Jennissen, C., Harland, K., & Denning, G. (2016). Characteristics of Side-by-Side Vehicle Crashes and
Related Injuries as Determined Using Newspaper Reports from Nine U.S. States. Safety, 2(2), 10.
https://doi.org/10.3390/safety2020010
Katz, E., & Lazarsfeld, P. F. (1955). Personal influence: The part played by people in the flow of mass

communication.
Klint, K. (2016, October 3). Akiachak woman dies when struck by ATV. Anchorage Daily News.

https://www.adn.com/alaska-news/rural-alaska/2016/10/03/1-akiachak-woman-killed-another-

hurt-in-friday-atv-crash/

71

Mangus, R. S., Simons, C. J., Jacobsen, L. E., Streib, E. W., & Gomez, G. A. (2004). Current helmet and
protective equipment usage among previously injured ATV and motorcycle riders. Injury
Prevention, 10(1), 56-58. https://doi.org/10.1136/ip.2003.002626

McBride, A., Cline, D., Neiberg, R., & Westmoreland, K. (2011). Pediatric All-Terrain Vehicle Injuries:
Does Legislation Make a Dent? Pediatric Emergency Care, 27(2), 97-101.
https://doi.org/10.1097/PEC.0b013e31820942f8

Miscellaneous Traffic Regulations, Bethel, Alaska, Municipal Code § 10.02 (n.d.).
https://bethel.municipal.codes/BMC/10.03

Myers, M., Cole, H., & Mazur, J. (2009). Cost Effectiveness of Wearing Head Protection on All-Terrain
Vehicles. Journal of Agromedicine, 14(3), 312-323.
https://doi.org/10.1080/10599240903041885

National Highway Transportation Safety Highway Administration. (n.d.). Importation and certification
FAQs. Retrieved November 3, 2019, from https://www.nhtsa.gov/importingvehicle/importation-and-certification-faqs-0

North Dakota Department of Transportation. (n.d.). Off-highway vehicles [PDF Format].
https://www.dot.nd.gov/divisions/mv/docs/faq-off-highway-vehicles.pdf

Papadakaki, M., Tzamalouka, G., Orsi, C., Kritikos, A., Morandi, A., Gnardellis, C., & Chliaoutakis, J.
(2013). Barriers and facilitators of helmet use in a Greek sample of motorcycle riders: Which
evidence? Transportation Research Part F: Traffic Psychology and Behaviour, 18, 189-198.

https://doi.org/10.1016/j.trf.2013.01.002

Pelletier, J., McKee, J., Ozegovic, D., & Widder, S. (2012). Retrospective review of all-terrain vehicle

accidents in Alberta. Canadian Journal of Surgery, 55(4), 249-253.
https://doi.org/10.1503/cjs.036210
Pennsylvania Department of Conservation and Natural Resources. (2019). ATV riding rules and

enforcement.
https://www.dcnr.pa.gov/Recreation/WhatToDo/ATVRiding/RidingRulesandEnforcement/Pages
/default.aspx

Rattan, R, Joseph, D., Dente, C., Klein, E., Kimbrough, M., Nguyen, J., Simmons, J., O'Keeffe, T., &

Crandall, M. (2018). Prevention of all-terrain vehicle injuries: A systematic review from The
Eastern Association for the Surgery of Trauma. Journal of Trauma and Acute Care Surgery, 84(6),

1017-1026. https://doi.org/10.1097/TA.0000000000001828
RTA. (1994). Road Traffic Accidents in NSW - 1993. Sydney: Roads and Traffic Authority of NSW.
72

Short, M. (2020). Empirical distribution functions (EDF's). University of Alaska Fairbanks.

Snow Machines and ATVs, Haines Borough, Alaska, Municipal Code § 10.34 (n.d.).

https://hainesborough.borough.codes/HBC/10.34

Specialty Vehicle Institute of America. (n.d.). Position in opposition to on-road operation of ATVs.
Special Rules for Snowmobiles and Other Off-Highway Vehicles, 13 AAC 02.430-465 (1969).

http://www.akleg.gov/basis/aac.asp#13.02.455
State of Alaska, D. of A. (2017). Snowmachines, ATVs, and other off-highway vehicles.

https://doa.alaska.gov/dmv/reg/snow.htm
State of Vermont. (2019). ATV, motorboat, and snowmobile laws.
https://dmv.vermont.gov/enforcement-and-safety/laws/off-road-vehicle-laws

Texas Department of Motor Vehicles. (2019). Off-highway vehicles.
https://www.txdmv.gov/motorists/buying-or-selling-a-vehicle/off-highway-vehicles
TRAFx. (2019). Vehicle Counter. https://www.trafx.net/products.htm
Warda, L, Klassen, T., Buchan, N., & Zierler, A. (1998). All terrain vehicle ownership, use, and self

reported safety behaviours in rural children. Injury Prevention, 4(1), 44.
https://doi.org/10.1136/ip.4.1.44

Weintraub, R, & Best, M. (2014). ATVs on Roadways: A Safety Crisis.
https://consumerfed.org/pdfs/ATVs-on-roadways-03-2014.pdf
Wilde, G. J. S. (1976). Social Interaction Patterns in Driver Behavior: An Introductory Review. Human

Factors: The Journal of the Human Factors and Ergonomics Society, 18(5), 477-492.
https://doi.org/10.1177/001872087601800506

Wilson, W., Lonero, L., & Ish, D. (1972). Seat belt use and efforts to increase it.
Yates, D., Moore, D., & McCabe, G. (1999). The practice of statistics.

73

74

8

APPENDIX

Appendix A: Crucial MATLAB Code for Automated Video Processing
function MotionBasedMultiObjectTracking()
% Enter name of folder with videos desired to be processed.
% Folder must be placed in same file path as this matlab file
folderInputName = 'Videos2';

% Assign desired file name prefix to location variable, followed by a
% period
location = 'Ester.';
addpath(folderInputName);
videos = dir(folderInputName);
count = 0;
n=1;
oldFrame = [];
[minX, minY, maxX, maxY] = maskingArea();
for k = 3:length(videos)
% loops through (number of videos in folder) times
% note: the value k = 3 corresponds to the first video in the folder
vidName = videos(k).name
obj = setupSystemObjects();
tracks = initializeTracks(); % Create an empty array of tracks.
nextId = 1; % ID of the next track
% Detect moving objects, and track them across video frames.
while ~isDone(obj.reader)
frame = readFrame();
[centroids, bboxes, mask] = detectObjects(frame);
c=centroids;
predictNewLocationsOfTracks();
[assignments, unassignedTracks, unassignedDetections] = ...
detectionToTrackAssignment();
updateAssignedTracks();
updateUnassignedTracks();
deleteLostTracks();
createNewTracks();
displayTrackingResults();
end
end
%% Create Masking Area
% Creates a limit to what parts of the frame will be used to be
% recorded for motion
%
% NOTE:
User must uncomment 'if statement' (lines 460, 461, 474) to
% enable masking
function [minX, minY, maxX, maxY] = maskingArea()
% ****************************************************************
% If desired masking area is in upper half of frame, assign new
% value to minY:
minY = 0;
% If desired masking area is in lower half of frame, assign new
% value to maxY:
maxY = 480;
% If desired masking area is in right half of frame, assign new
% value to minX:
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minX = 0;
% If desired masking area is in left half of frame, assign new
% value to maxX:
maxX = 710;
end
%% Create System Objects
function obj = setupSystemObjects()
% Create a video file reader.
obj.reader = vision.VideoFileReader(vidName);
obj.detector = vision.ForegroundDetector('NumGaussians', 5, ...
'NumTrainingFrames', 30, 'MinimumBackgroundRatio', 0.7);
% Adjust MinimumBlobArea for program to recognize different sized
% objects
obj.blobAnalyser = vision.BlobAnalysis('BoundingBoxOutputPort', true,
'AreaOutputPort', true, 'CentroidOutputPort', true, ...
'MinimumBlobArea', 1800);
end
function tracks = initializeTracks()
% create an empty array of tracks
tracks = struct(...
'id', {}, ...
'bbox', {}, ...
'kalmanFilter', {}, ...
'age', {}, ...
'totalVisibleCount', {}, ...
'consecutiveInvisibleCount', {});
end
% Read the next video frame from the video file.
function frame = readFrame()
frame = obj.reader.step();
end
%% Detect Objects
function [centroids, bboxes, mask] = detectObjects(frame)
% Detect foreground.
mask = obj.detector.step(frame);
% Apply morphological operations to remove noise and fill in holes.
mask = imopen(mask, strel('rectangle', [3,3]));
mask = imclose(mask, strel('rectangle', [15, 15]));
mask = imfill(mask, 'holes');
% Perform blob analysis to find connected components.
[~, centroids, bboxes] = obj.blobAnalyser.step(mask);

end
%% Predict New Locations of Existing Tracks
function predictNewLocationsOfTracks()
for i = 1:length(tracks)
bbox = tracks(i).bbox;
% Predict the current location of the track.
predictedCentroid = predict(tracks(i).kalmanFilter);
% Shift the bounding box so that its center is at
% the predicted location.
predictedCentroid = int32(predictedCentroid) - bbox(3:4) / 2;
tracks(i).bbox = [predictedCentroid, bbox(3:4)];
end
end
%% Assign Detections to Tracks
function [assignments, unassignedTracks, unassignedDetections] = ...
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detectionToTrackAssignment()
nTracks = length(tracks);
nDetections = size(centroids, 1);
% Compute the cost of assigning each detection to each track.
cost = zeros(nTracks, nDetections);
for i = 1:nTracks
cost(i, :) = distance(tracks(i).kalmanFilter, centroids);
end
% costOfNonAssignment must be manually tuned
costOfNonAssignment = 100;
[assignments, unassignedTracks, unassignedDetections] = ...
assignDetectionsToTracks(cost, costOfNonAssignment);
end
%% Update Assigned Tracks
function updateAssignedTracks()
numAssignedTracks = size(assignments, 1);
for i = 1:numAssignedTracks
trackIdx = assignments(i, 1);
detectionIdx = assignments(i, 2);
centroid = centroids(detectionIdx, :);
bbox = bboxes(detectionIdx, :);
correct(tracks(trackIdx).kalmanFilter, centroid);
tracks(trackIdx).bbox = bbox;
tracks(trackIdx).age = tracks(trackIdx).age + 1;
tracks(trackIdx).totalVisibleCount = ...
tracks(trackIdx).totalVisibleCount + 1;
tracks(trackIdx).consecutiveInvisibleCount = 0;
end
end
%% Update Unassigned Tracks
function updateUnassignedTracks()
for i = 1:length(unassignedTracks)
ind = unassignedTracks(i);
tracks(ind).age = tracks(ind).age + 1;
tracks(ind).consecutiveInvisibleCount = ...
tracks(ind).consecutiveInvisibleCount + 1;
end
end
%% Delete Lost Tracks
function deleteLostTracks()
if isempty(tracks)
return;
end
invisibleForTooLong = 20;
ageThreshold = 8;
% Compute the fraction of the track's age for which it was visible.
ages = [tracks(:).age];
totalVisibleCounts = [tracks(:).totalVisibleCount];
visibility = totalVisibleCounts ./ ages;
% Find the indices of 'lost' tracks.
lostInds = (ages < ageThreshold & visibility < 0.6) | ...
[tracks(:).consecutiveInvisibleCount] >= invisibleForTooLong;
% Delete lost tracks.
tracks = tracks(~lostInds);
end
%% Create New Tracks
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function createNewTracks()
centroids = centroids(unassignedDetections, :);
bboxes = bboxes(unassignedDetections, :);
for i = 1:size(centroids, 1)
centroid = centroids(i,:);
bbox = bboxes(i, :);
% Create a Kalman filter object.
kalmanFilter = configureKalmanFilter('ConstantVelocity', ...
centroid, [200, 50], [100, 25], 100);
% Create a new track.
newTrack = struct(...
'id', nextId, ...
'bbox', bbox, ...
'kalmanFilter', kalmanFilter, ...
'age', 1, ...
'totalVisibleCount', 1, ...
'consecutiveInvisibleCount', 0);
% Add it to the array of tracks.
tracks(end + 1) = newTrack;
% Increment the next id.
nextId = nextId + 1;
end
end
%% Display Tracking Results
function displayTrackingResults()
% Convert the frame and the mask to uint8 RGB.
frame = im2uint8(frame);
mask = uint8(repmat(mask, [1, 1, 3])) .* 255;
% Enter desired output image filetype
b = '.png';
% Adjusts number of frames that must be changed for image to be
% displayed
% It is recommended that this parameter is to be tuned for a new
% set of videos to achieve best results
minVisibleCount = 10;
if ~isempty(tracks)
% Only display tracks that have been visible for more than
% a minimum number of frames.
reliableTrackInds = ...
[tracks(:).totalVisibleCount] > minVisibleCount;
reliableTracks = tracks(reliableTrackInds);
% Display the objects. If an object has not been detected
% in this frame, display its predicted bounding box.
if ~isempty(reliableTracks)
% Get bounding boxes.
bboxes = cat(1, reliableTracks.bbox);
% Get ids.
ids = int32([reliableTracks(:).id]);
% Create labels for objects indicating the ones for
% which we display the predicted rather than the actual
% location.
labels = cellstr(int2str(ids'));
predictedTrackInds = ...
[reliableTracks(:).consecutiveInvisibleCount] > 0;
isPredicted = cell(size(labels));
isPredicted(predictedTrackInds) = {' predicted'};
labels = strcat(labels, isPredicted);
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% Uncomment this for yellow rectangle to appear around
% object
%{
frame = insertObjectAnnotation(frame, 'rectangle', ...
bboxes, labels);
%}

end
end
nDetections = size(c, 1);
if nDetections >= 1
oldFrame = frame;
if (count >= minVisibleCount)
for i = 1:length(reliableTracks)
% bbox parameters: [x y width height] where x,y is the
% upper left corner
maskingBox = reliableTracks(i).bbox;
whos
xMinBox = double(maskingBox(1));
yMinBox = double(maskingBox(2));
boxWidth = double(maskingBox(3));
boxHeight = double(maskingBox(4));
% comment 'if statement' if masking is not desired
%{
if (xMinBox < maxX && (xMinBox + boxWidth) > minX &&...
yMinBox < maxY && (yMinBox + boxHeight) > minY)
%}
for z = 1:length(reliableTracks)
reliableTracks(z)
end
a = num2str(n);
name = strcat(location,a,b);
imwrite(frame,name);
n = n+1;
count=0;
break;
%end
end
else
% counts the number of frames containing motion before a
% frame is saved to file
count = count+1;
end
else
count = 0;
end
end
end
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Appendix B: R Code for Generating Random Network Points
#this script is designed to generate random points on road network
# Modified from Chang (2016)
library(sp)
library(rgdal)
library(igraph)
#read the shape file for road network
alldata <- readOGR(dsn =
"C:/Users/TristanSayre/Desktop/school/OHV/Thesis/Data_Collection_and_Analysis
/Crash_Data/GIS_Crash_Analysis/Roads",
layer = "CSR_Roads")
class(alldata)
slotNames(alldata)
#plot(alldata)
coord <- coordinates(alldata) # error induced by null values
length <- alldata$Shape_Leng # make sure this attribute is updated to
represent road segment length
all.length <- sum(length)
n <- length(coord)
GenerateOnePoint <- function() {
road <- sample(1:n, size = 1, prob = length/all.length)
#print(road)
loc <- length[road]*runif(1)
points <- coord[[road]]
line <- NULL
for (i in 1 : length(points)) {
line <- rbind(line, points[[i]])
}
line <- as.matrix(line) # matrix of coordinates of road coordinates
d <- 0
for (i in 2 : nrow(line)) {
# distance between each road coordinate and its prior
# CHECK for off-network issues
new.d <- dist(rbind(line[i-1, ], line[i, ]), method = "euclidean",
diag = FALSE, p = 2)
d <- d + new.d
if (d > loc) {
#print(i)
res <- d - loc
E1 <- line[i-1,1]
N1 <- line[i-1,2]
E2 <- line[i,1]
N2 <- line[i,2]
E <- E2 + (res/new.d)*(E1 - E2)
N <- N2 + (res/new.d)*(N1 - N2)
break
}
}
return(c(E,N))
}
randomcoords <- c()

# Read real crash points
crashes <- readOGR(dsn =
"C:/Users/TristanSayre/Desktop/school/OHV/Thesis/Data_Collection_and_Analysis
/Crash_Data/GIS_Crash_Analysis/CRASH_DATA",
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layer = "On_Network_OHV_crashes")
n.tot <- length(crashes) # 571
#n.in.srs <- round(n.tot/10) # 58 - sample 1/10 of total to maintain
independence (for non-mc test)

# create m number of random sets of points
m <- 100
for (i in 1:m){
RANDOM <- NULL
#n <- length(coord)
# 571 random points to simulate 571 crashes with coordinates
for (k in 1 : n.tot) {
random <- GenerateOnePoint()
RANDOM <- rbind(RANDOM, random)
}
RANDOM <- as.matrix(RANDOM)
row.names(RANDOM) <- c()
# To sample 1/10 of points
# sample.vec <- sample(1:n.tot, size=n.in.srs, replace=FALSE)
# RANDOM <- RANDOM[sample.vec,]

#points(RANDOM[,1],RANDOM[,2],pch = 8)
# prepare UTM coordinates matrix
utmcoor<-SpatialPoints(RANDOM, proj4string=CRS("+proj=aea +lat1=55.0
+lat2=65.0 +lon0=-154.0"))
# Projection is Alaska Albers Equal Area

# projecting coordinates to Alaska Albers Equal Area
# NOTE: Input must be in geodetic coordinate
longlatcoor<-spTransform(utmcoor, CRS("+proj=aea +lat1=55.0 +lat2=65.0
+lon0=-154.0"))
# oldrandomcoords <- randomcoords
newrandomcoords <- as.matrix(cbind(longlatcoor$coords.x1,
longlatcoor$coords.x2))
# lcol <- 2*i-2
# if (i == 1) randomcoords <- newrandomcoords
# if (i > 1) randomcoords <- cbind(randomcoords[,1:lcol],
newrandomcoords[,1:2])
print(i)
filename <sprintf("C:/Users/TristanSayre/Desktop/school/OHV/Thesis/Data_Collection_and_
Analysis/Crash_Data/GIS_Crash_Analysis/Statistics/CSR_Test/sampledpts/random_
pts%0.0f.csv", i)
write.csv(newrandomcoords, file = filename, row.names = FALSE)
}
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Appendix C: R Code for Constructing Empirical Distribution Function
library(splancs)
# nearest neighbor distances for crashes (calculated with arcmap)
crash_neighbors <read.csv("C:/Users/TristanSayre/Desktop/school/OHV/Thesis/Data_Collection_and
_Analysis/Crash_Data/GIS_Crash_Analysis/Statistics/CSR_Test/Done/actual_neigh
bor_dists.csv",
fileEncoding="UTF-8-BOM")
nndists <- crash_neighbors$Total_Length
# Remove neighbor distances that between same points and uppermost neighbor
distances for improved readability
nndists <- nndists[nndists < 100000 & nndists > 0]
nndists <- sort(nndists)
plot(nndists)
hh <- seq( from = 0, to = max(nndists), length = 571 )
neighbor.dist.vals <- plt(nndists, hh )
plot( hh, neighbor.dist.vals, type='n', xlab="distance", ylab="nndist")
lines(hh, neighbor.dist.vals)

for( pr in seq(from=.05,to=1,by=.05) ) {
abline( h = pr, lty=3 )
}
# This is the simulation for the CSR, use data from Generate Random Network
Points
n.sims <- 99
many.n.dists <- matrix(NA,nrow=(1+n.sims), ncol=length(hh))
many.n.dists[1,] <- neighbor.dist.vals

for( i in 1:n.sims ) {
sim.path <sprintf("C:/Users/TristanSayre/Desktop/school/OHV/Thesis/Data_Collection_and_
Analysis/Crash_Data/GIS_Crash_Analysis/Statistics/CSR_Test/done/rand_pts%0.0f
done.csv", i)
my.sim.data <- read.csv(sim.path, fileEncoding="UTF-8-BOM")
nndists <- sort(my.sim.data$Total_Length)
# Remove neighbor distances that between same points and uppermost neighbor
distances for improved readability
nndists <- nndists[nndists < 100000 & nndists > 0]
sim.neighbor.dist.vals <- plt(nndists, hh)
many.n.dists[(i+1),] <- sim.neighbor.dist.vals
}
plot( hh, neighbor.dist.vals, type='n', xlab="Distance",
ylab="NNDist", cex.x = 1.2, cex.y = 1.2)

for( i in 2:n.sims ) {
lines( hh, many.n.dists[i,], col="gray" )
}
lines(hh, many.n.dists[1,],lwd=2) # thicker line for recorded data
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