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EXECUTIVE SUMMARY

The Animal-Vehicle Crash Mitigation Using Advanced Technology Study was initiated in the
fall of 1999. The results through the fall of 2005 (Phase I) have been documented in detail in an
earlier report; the accomplishments of Phase I included the following:

Identification of existing animal detection system technologies and their vendors;
Selection of two of these systems for field tests;

Deployment of the two selected systems (one in Montana, and one in Pennsylvania);
Documentation of the experiences with system installation;

Testing of the reliability of the systems; and

Formulating advice for future development and application, including cost-benefit
analyses.

One of the two experimental animal detection systems — the one that was installed along US
Highway 191 in Yellowstone National Park, Montana — proved to be able to detect elk (Cervus
elaphus) reliably. However, as a result of steep slopes and curves, the system had blind spots
where large animals were able to approach the road undetected. Therefore the warning signs
could not be attached, and the effectiveness of the system in reducing vehicle speed and in
reducing the number of collisions with large wild animals could not be evaluated.

Phase II of the project, the subject of the current report, was aimed at making the system
modifications required to be able to attach the warning signs and investigate the effectiveness of
the system in reducing vehicle speed and in reducing the number of collisions with large wild
animals. This summary is structured according to the objectives for Phase II:

Obijective 1: Modify the system so that the blind spots cover 2-5% of the total length of the
system at the most, install remote access to the system through a satellite connection, and make
other repairs and modifications as necessary.

The system was modified and repaired (see Chapter 2). After system modifications, blind spots
covered 1.09% of the total length of the system, which meant that better coverage was achieved
than the stated objective. Remote access through a satellite connection was achieved, not only
allowing for a higher intensity of system monitoring, but also allowing for the warning signs to
be manually turned on or off, either for research or management purposes.

System monitoring revealed that various parts of the system showed ongoing wear and tear and
that replacement parts were sparse or not available. This led to repairs rather than replacements
and relatively intensive monitoring of the system for potential new problems. Mainly because of
the experiences at the study site, the vendor (STS, now ICx Radar Systems) has developed a
more integrated, more compact, and more robust animal detection system. This should result in a
smaller footprint and a reduced impact on landscape aesthetics, more reliable operation (fewer
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false positives and false negatives), longer life span, and greater distance between the sensors
and associated equipment.

Objective 2: Investigate the effectiveness of the system with regard to reduction of vehicle speed
in response to activated warning signs.

Southbound traffic reduced speed when traveling through the road section with the animal
detection system, both with warning lights off and on. Northbound traffic increased speed when
traveling through the road section with the animal detection system, both with warning lights off
and on. It is uncertain why northbound traffic increased speed. Perhaps this increase in speed
related to the geometry of the road, sight distance, or the proximity of the boundary of
Yellowstone National Park two miles farther north.

Nonetheless, passenger cars, pick-ups, vans, and trucks with two units or more all had lower
vehicle speed with the warning signs activated compared to warning signs off. For both travel
directions combined, the speed of passenger cars, pick-ups, and vans was 1.52 mi/h (2.45 km/h)
lower with warning signs activated. For trucks with two units or more vehicle speed was 0.91
mi/h (1.46 km/h) lower with warning signs activated.

While vehicles only reduced their speed by a small degree, reductions in vehicle speed are
associated with a disproportionate decrease in the probability of severe accidents when traveling
at high speed (Kloeden, et al. 1997). In addition, fewer or less severe wildlife-vehicle collisions
may not only be obtained through lower vehicle speed, but can also be obtained through
increased driver alertness (see Chapter 1, Introduction). Activated warning signs are likely to
make drivers more alert. Driver reaction time to an unusual and unexpected event can be reduced
from 1.5 sec to 0.7 sec if drivers are warned (Green 2000). With a constant passenger vehicle
speed of 57.45 mi/h (92.44 km/h) with lights on, this leads to a potential reduction in stopping
distance of 67.3 ft (20.5 m).

Obijective 3: Investigate the effectiveness of the system with regard to the number of collisions
with large animals.

The number of reported collisions with large mammals or the number of large mammal road
mortalities from the treatment section after the system became operational was 66.7% lower than
before the system became operational. The number of reported collisions with large mammals or
the number of large mammal road mortalities from the treatment section after the system became
operational was 57.6% lower than in comparable control sections. While both the comparison in
time and space suggest that the animal detection system resulted in fewer collisions with large
mammals, the relatively short road length of the treatment section combined with one year of
data collection after the system became operational do not allow for a statistical test and a firm
conclusion. Nonetheless, the available data on the effectiveness of animal detection systems in
reducing collisions with large mammals is consistent and suggests that animal detection systems
indeed result in fewer collisions with large mammals (see review in Chapter 4). It is important to
note though that an animal detection system must be detecting large animals reliably before one
investigates the effectiveness of a system in reducing collisions with large mammals.
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Obijective 4: Investigate the acceptance of the system by drivers, the Montana Department of
Transportation, and Yellowstone National Park.

A majority of drivers who responded to the survey and who drove the road section with the
animal detection system had the following responses to the survey:

e Often or always worried about hitting large ungulates on the road (81%);

¢ Noticed the animal detection system (96%));

e Were aware that large animals may be on or near the road in this area when the warning
signs were activated (91%);

e Reduced their speed (40%) or became more alert (45%) as a result of the activated
warning signs;

e Thought the system was helpful when it was activated (52%);

e Would like to see the US Highway 191 system stay in place (59%);

e Thought animal detection systems were a good idea, in general (71%);

e Expected animal detection systems to detect all (32%) or nearly all (19%) large animals
that approach the road;

e Would allow for no more than 20% of all detections to be false (i.e., not related to large
animals) (52%);

e Expected animal detection systems to reduce collisions with large animals by over 70%
(60%);

e Found it very important to make potential improvements on the reliability of animal
detection systems (63%); and

e Found it very important to have clear and easy to understand warning signals (64%).

However, 17% of the respondents thought there were no animals on or close to the road, or did
not understand the meaning of the signs when the warning signs were not activated, perhaps
leading to an absent or wrong driver response (less alert, faster vehicle speed). The respondents
who were critical of the animal detection system along US Highway 191 in Yellowstone
National park expressed concerns about the reliability of the system, the costs of this type of
mitigation measure, and the effect of the system on landscape aesthetics.

The Montana Department of Transportation (MDT) was concerned about the reliability and
robustness of the animal detection system and maintenance effort (see also Huijser, et al. 2006).
Although the system had proven to detect elk reliably (see also Huijser, et al. 2006), the
requirements for system coverage were met (see Chapter 2), and remote access through satellite
was established to facilitate system monitoring and system management, nevertheless substantial
concerns remained with regard to the wear and tear of the system, the associated level of system
monitoring, and lack of spare parts. These concerns caused MDT to support system removal after
completion of the research project. Yellowstone National Park was mostly concerned about
landscape aesthetics (see also Huijser, et al. 2006). For Yellowstone National Park, system
removal was a condition for Phase II of the project.
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Objective 5: Remove the system by 31 August 2008, as a condition set by Yellowstone National
Park.

On 18 August 2008 the first sensors were removed. System removal was completed on 12
September 2008.

In addition to addressing the objectives discussed above, the researchers formulated a step plan
for agencies considering the installation of an animal detection system alongside a road and
recommendations for the research and monitoring of the reliability and effectiveness of animal
detection systems.

If a transportation agency is interested in deploying an animal detection system, the following
steps are recommended:

Define the problem;

Obtain an overview of all effective mitigation measures;

Obtain an overview of all animal detection systems;

Select a system,;

Take lessons from other projects into account;

Prepare for technical difficulties, delays, and maintenance;

Make a realistic risk assessment;

Conduct system acceptance tests;

Document and publish experiences; and

Document and publish data on system reliability and system effectiveness.

The researchers formulated the following recommendations for the research and monitoring of
the reliability and effectiveness of animal detection systems:

Measure system reliability;

Standardize how system reliability is measured;

Investigate the influence of environmental conditions;

Suggest and adopt minimum norms for system reliability;

Conduct meta-analyses;

Consider a BACI analysis;

Keep the search and reporting effort for crashes and carcasses constant;
Investigate the mechanism behind system effectiveness;

Investigate system reliability along the roadside;

Investigate the effect of the system and activated signs on speed on-site; and
Investigate the effect of the system and activated signs on driver response on-site.

While animal detection systems should still be characterized as experimental, the results of Phase
IT of this project are encouraging and suggest that animal detection systems can be effective in
reducing collisions with large mammals. Nonetheless, additional research is needed, especially
with regard to the effectiveness of animal detection systems in reducing collisions with large
mammals, as the current data are not robust.
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1.0 INTRODUCTION

1.1 BACKGROUND

The Animal-Vehicle Crash Mitigation Using Advanced Technology Study was initiated in the
fall of 1999. The objectives of the project were as follows:

e Identify existing animal detection system technologies and their vendors;
Select two of these systems for field tests at two sites;

Document the experiences with installation;

Test the reliability of the systems;

Collect post-implementation site data;

Evaluate the effectiveness of the systems;

Document system acceptance; and

Provide advice for future development and application.

The results of this study, from its initiation through the fall of 2005, were documented in detail in
the report, Animal Vehicle Crash Mitigation Using Advanced Technology; Phase I: Review,
Design, and Implementation (Huijser, et al. 2006). One of the two experimental animal detection
systems — the one located along US Highway 191 in Yellowstone National Park — proved to be
able to detect elk (Cervus elaphus) reliably. While some of the objectives listed above had been
achieved by the fall of 2005, system modifications were required and additional study was
needed to assess the reliability, effectiveness and public acceptance of the system.

Phase II, the subject of this report, focuses on the animal detection system along US Highway
191 in Yellowstone National Park. This report describes the system modifications to address the
blind spots, system reliability, system effectiveness, and system acceptance. A basic description
of the system and the specific research objectives are provided in the next two sections.

1.2 THE ANIMAL DETECTION SYSTEM ALONG US HIGHWAY 191 IN
YELLOWSTONE NATIONAL PARK

In October and November 2002 the animal detection system was installed along a 1 mi (1,609 m)
road section of US Highway 191 (mileposts 28-29) in Yellowstone National Park south of Big
Sky, Montana (Huijser, et al. 2006) (Figure 1.1 and 1.2). The system was designed and
integrated by Sensor Technologies and Systems (now ICx Radar Systems).' Each transmitter
sent a uniquely coded, continuous microwave RF signal (35.5 GHz) to its intended receiver
(Huijser, et al. 2006). The transmitters and receivers were mounted about 4 ft (120 cm) above
the ground, designed to detect elk (Cervus elaphus).

'1Cx Radar Systems, 8900 East Chaparral Road, Scottsdale, AZ 85250



If this signal was blocked or if the signal strength was reduced below a certain threshold, the
receiver sent a UHF radio signal to the master station. The master station then sent a “beacon-
on” command to the three nearest beacons. There were four beacons in total, two for each travel
direction, as shown in Figure 1.2.

Each beacon was situated above warning signs that said “WILDLIFE CROSSING” and “NEXT

1 MILE” or “NEXT "2 MILE” and “WHEN FLASHING.” Figure 1.3 shows one of the warning
sign assemblies. The flashing beacons were intended to alert oncoming traffic that there may be a
large animal on or near the road. After a designated timeout period (3 minutes), the master
station transmitted a “beacon-off” command to the beacon stations. If the signal was blocked
continuously, the beacons stopped flashing after 12 minutes.

The system recorded every break-of-the-beam, how long the break lasted, the date, the time, and
the detection zone number. There were six detection zones on the east side of the road and nine
on the west side of the road. The detection data were stored on a MultiMedia Card (MMC) at the
master station.

Figure 1.1: Location of the animal detection system on US Highway 191 in Yellowstone
National Park, Montana
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Figure 1.3: Activated warning sign (Beacon 1 for northbound traffic) with
flashing beacon on top (Photo: Marcel Huijser, WTI-MSU)



1.3 STUDY OBJECTIVES

Phase II of the Animal-Vehicle Crash Mitigation Using Advanced Technology Study focused on
the following objectives:

Modify the system so that the blind spots cover 2-5% of the total length of the system at
the most, install remote access to the system through a satellite connection, and make
other repairs and modifications as necessary.

Conduct further tests on system reliability.

Investigate the effectiveness of the system with regard to reduction of vehicle speed in
response to activated warning signs.

Investigate the effectiveness of the system with regard to the number of collisions with
large animals.

Investigate the acceptance of the system by drivers, the Montana Department of
Transportation, and Yellowstone National Park.

Remove the system by 31 August 2008, as a condition set by Yellowstone National Park.

1.4 PROJECT FUNDING

This project was funded by the Federal Highway Administration and 15 Departments of
Transportation through a pooled fund study (SPR 3(076)). The participating Departments of
Transportation were as follows: Alaska Department of Transportation and Public Facilities, and
the Departments of Transportation of California, Indiana, lowa, Kansas, Maryland, Montana,
Nevada, New Hampshire, New York, North Dakota, Oregon, Pennsylvania, Wisconsin, and
Wyoming.

Oregon Department of Transportation (ODOT) administered the project funds from the
individual states (totaling $1,125,000) and managed the contract with the Western Transportation
Institute at Montana State University (WTI-MSU). Additional funds ($255,676) came from
WTI-MSU (University Transportation Center funds) to help cover the installation, project
extension costs, and part of Phase II at the Montana study site. This brought the total project
budget up to $1,380,676 (Phases I and II combined). Figure 1.4 shows the financial
contributions from each state and WTI-MSU.
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Figure 1.4: Financial contributions to the research project (Total: $ 1,380,676)

Over and above the project budget, the Pennsylvania Department of Transportation (PennDOT)
estimated that an additional $130,000 was spent by PennDOT on coordination, engineering
plans, installation, and efforts to help identify and address problems after installation for the
Pennsylvania study site during Phase 1.2 In addition, the Oregon Department of Transportation
spent additional funds on coordination, administration, and report editing and publication. The
Montana Department of Transportation (MDT) spent an unknown amount of funds on
coordination, support for installation, efforts to help identify and address problems after
installation, and system removal for the Montana study site. These contributions of PennDOT ,
ODOT, and MDT were not part of the funds administered by ODOT or WTI-MSU and were

excluded from Figure 1.1.

? Dennis Prestash, PennDOT, personal communication, 18 November 2004. Also see Huijser, et al. 2006.






20 SYSTEM MODIFICATIONS

2.1 PROBLEMS ENCOUNTERED THROUGH 2005

A range of problems was encountered from the time the system was implemented through 2005,
when the second phase of the study started. The system was found to have blind spots where
large animals such as elk were able to approach the road undetected. These blind spots were
caused be steep slopes and curves. Because of the blind spots, the warning signs could not be
installed, as that would have given drivers the false expectation that large animals would be
detected by the system throughout the test section. In addition, the brackets that hold the sensors
were found to be sensitive to breaking due to the temperature fluctuations at the location.
Furthermore, the radio link between one of the receiver stations and the master station was not
always successful, either because of a lack of a line of sight, or because of a software issue in the
radio of the receiver station. Finally, although limited remote access was established to the
system through the land-based phone line, it was considered too unreliable.

The problems described above had to be addressed before the warning lights could be plugged in
and the warning signs attached. Only then would the Western Transportation Institute at
Montana State University (WTI-MSU) be able to investigate the effectiveness of the animal
detection system and system acceptance.

2.2 SITE SURVEY

A detailed survey was conducted by the vendor to confirm the presence and exact location of the
blind spots (see also Huijser, et al. 2006). The vendor then provided suggestions and budget
estimates on how to address these blind spots.

Figure 2.1 shows a schematic layout of the system until the autumn of 2006. Figure 2.2 shows
the estimated length of the blind spots, ordered by length. The total length of the blind spots was
estimated at about 1,115 ft (340 m), which was 10.6% of the 2*1 mi (2*1,609 m) road section
covered by the system.
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The estimated costs to address the blind spots are shown in Figure 2.3. The costs are given per m
of the blind spot. Based on these calculations, the zone D blind spots were recommended to be
corrected first and zone 3 (south and north of the Black Butte Ranch access road) last.
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Figure 2.3: Costs to address the individual blind spots (BBR rd = Black Butte Ranch access road)

Figure 2.4 shows the estimated reduction in the percentage of blind spots in the total 2*1 mile-
length covered by the system (2*1,609 m), given the correction of individual blind spots in the
given order. WTI-MSU proposed a cut-off level for the blind spot correction. This resulted in
accepting the blind spots in Detection Zone 3 (north and south of the Black Butte Ranch access
road). The total length of these two blind spots was estimated at 71.2 ft (21.7 m), which was
0.7% of the road section covered by the system.

The proposed system modifications included removing Station 13, relocating Station 11 (Figure
2.5), and including the entrance to the parking area for the Black Butte Trailhead in the sensor
array. The Technical Advisory Committee (TAC) for the project had decided that, after system
modifications, the percentage of blind spots in the total length of the system must be between 2%
and 5% at a maximum. Should a higher percentage of the system have blind spots after system
modification, the system would have to be removed.
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Figure 2.5: Proposed relocation of Station 11, looking south; relocated 275 ft (84 m) to the southeast
(at a bend in the road, indicated by arrow) (Photo: Lloyd Salsman, STS)
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The site survey showed that the master station did not have to be relocated. New software was
effective in reducing the radio errors from the most southern stations. The site survey showed,
however, that some hardware was broken, including a damaged master board (logging memory
and real time clock) as a result of battery vapors. In addition, several diodes were producing high
noise levels (specifically ST04, ST13, ST21, and ST19). Sensors, several solar panels, and other
hardware also needed to be reinstalled. Several beam tubes needed to be re-aligned; sensors
needed to be lowered on the poles; and system functioning needed to be verified. Remote access
through a satellite connection was also recommended.

Vegetation trimming was needed between some of the sensors, as the vegetation had grown into
the beam since system installation. Vegetation growth and re-growth in some of the sensor paths
had caused higher noise levels in the signal. This condition desensitized the beam and led to
missed detections. The area that was most sensitive to vegetation obstructing the signal was the
first 15 ft (4.6 m) in front of each sensor. This finding implies that, at a minimum, the grass-herb
vegetation needs to be kept short in the areas immediately in front of the sensors. In some cases
(re)growth of shrubs and trees blocked the beam farther away from the sensors. The proposed
vegetation management practices were similar to the ones conducted in the past under
supervision of a representative of Yellowstone National Park.

2.3 MODIFICATIONS TO SYSTEM

The TAC adopted the proposed strategy and cut-off levels to address the blind spots. Figure 2.6
shows a schematic layout of the system after the blind spot corrections took place. Figures 2.7-
2.9 show the removal of Station 13 and the relocation of Station 11.
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Figure 2.6: Schematic layout of the system autumn 2006 — August 2008. The detection
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Figure 2.7: Area just south of Black Butte Trailhead after Station 13 was removed and Station 11 was relocated.
Station 11 (new location) can be seen on the left side of the tree (Photo: Marcel Huijser, WTI-MSU).

Figure 2.8: Station 11 at its new location, looking north (Detection Zone C) towards
Station 15 and Black Butte Trail parking area (Photo: Marcel Huijser, WTI-MSU)
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Figure 2.9: Station 11 at its new location, looking south (Detection Zone 8) towards
Station 21 and Black Butte Ranch access road (Photo: Marcel Huijser, WTI-MSU)

Table 2.1 shows a list of all system modifications. Figures 2.10 and 2.11 show a selection of
these system modifications.

Table 2.1: List of system modifications accomplished

Iltem

Remove ST 11 and ST 13 (see Figures 2.1 and 2.6 for reference)

Transfer surplus equipment to MDT

Install new pole and equipment (ST 11 in Figure 2.6)

Conserve topsoil and vegetation during system modifications

Paint new station (ST 11 in Figure 2.6)

Install new break-away pole (ST 11 in Figure 2.6)

Manage vegetation (mow and cut vegetation growing in beam paths)

Repair master board

Replace brackets that hold all sensors

Reduce Radio error for communications between receiver stations and the master station

Establish remote access to the master station through a satellite connection
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Figure 2.10: Sensor equipped with new bracket (aluminum casting, metal bands around
sensor tube) (Photo: Marcel Huijser, WTI-MSU)

Figure 2.11: Antenna for remote access through satellite connection
(Photo: Marcel Huijser, WTI-MSU)

14



2.4 VERIFICATION OF MODIFICATIONS TO SYSTEM

After system modification, testing for blind spots was done by using a human (height 5 ft 6 in
(1.68 m)) as a model for large ungulates. The human model crossed each detection zone at
approximately 30 ft (9.1 m) intervals. The exact location was verified before each crossing of the
beam with a laser range finder. System coverage was verified by visually observing blockage of
the sensor on the other side of the human model as well as by measuring the signal strength and
verifying that the thresholds for detection were met at the receiver of the individual detection
zones.

The testing revealed that there were no blind spots present, except in Detection Zone 3 (55 ft
(=16.9 m), and Detection Zone D (60 ft (=18.3 m)). The blind spots in Detection Zone 3 were
related to a sensor that had to be placed high on a pole in order to shoot the beam across the
Black Butte Ranch access road. The blind spot in Detection Zone D resulted from the sensor at
Station 23 shooting up a slope towards Station 7. Figures 2.12 — 2.14 show these blind spots
from various perspectives. The total length of the blind spots after system modifications was
estimated at 115 ft (35.2 m), or 1.09% of the total length covered by the system. This number
was well below the maximum percentage of allowable blind spots (5%).

Figure 2.12: Looking north from Station 23 (Detection Zone 3) towards the Black Butte Ranch
access road and Station 21. There is a blind spot in the area between Station 23 and the Black
Butte access road because the sensor had to be placed high on the pole in order to shoot across the
embankment of the Black Butte access road (Photo: Marcel Huijser, WTI-MSU).
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Figure 2.13: Looking south from the Black Butte Ranch access road towards Station 23.
There is a blind spot in the area between the Black Butte access road and Station 23; the
same blind spot is illustrated in Figure 2.12 (Photo: Marcel Huijser, WTI-MSU).

Figure 2.14: Looking north from the Black Butte Ranch access road towards Station 21. There is a
blind spot in the area between the Black Butte access road and Station 21, because the sensor on
Station 23 had to be placed high on the pole in order to shoot across the embankment of the Black
Butte access road (see Figure 2.12) (Photo: Marcel Huijser, WTI-MSU).
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System operation was further verified through analyzing the detection log of the system. The
remote access through the satellite was verified by issuing commands through the interface
(http://www.vikoninternational.com/), which was accessible from any computer with internet
access, the required login name and password. Figures 2.15 and 2.16 show the remote access
interface.
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Figure 2.15: Remote access interface: this screen allows for system selection and
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2.5 OPERATION AND MAINTENANCE 2007-2008

The beacons were plugged in and the warning signs were attached on 18 January 2007. The
system remained in operation through 18 August 2008, when the first sensors were removed as
part of the system removal procedure. System removal was completed on 12 September 2008.
The holes resulting from the removed foundations and poles were filled with subsoil (from at
least six inches deep). The upper two inches of the holes (compared to the surrounding grade)
were filled with topsoil, and brush and grass were gently raked from the immediate surroundings
of the individual holes. The activities related to subsoil, topsoil, and vegetation were based on the
guidance provided by employees of Yellowstone National Park.

The most significant problem encountered during the operation of the system was that various
parts of the system showed wear and tear and that replacement parts were sparse or not available.
This situation necessitated repairs rather than replacements, and it required relatively intensive
monitoring of the system for potential new problems. The Montana Department of
Transportation, the vendor (Sensor Technologies and Systems, now ICx Radar Systems), and
WTI-MSU worked together on identifying and addressing issues with operation and maintenance
through Phase II of the project. Mainly because of the experiences at the study site, the vendor
has developed a more integrated, more compact, and more robust animal detection system over
the last couple of years. This should result in a smaller footprint (landscape aesthetics), more
reliable operation (fewer false positives and false negatives), and greater distance between the
sensors and associated equipment (see also Huijser, et al. 2006).

2.6 REQUIREMENTS FOR SYSTEM REMOVAL

The Montana Department of Transportation (MDT) was concerned about the reliability and
robustness of the animal detection system and maintenance effort (see also Huijser, et al. 2006).
The requirements for system coverage were met, the system proved to detect elk reliably (see
also Huijser, et al. 2006), and remote access through satellite was established to facilitate system
monitoring and system management. However, substantial concerns remained with regard to the
wear and tear of the system, the associated level of system monitoring required, and the lack of
spare parts. These concerns caused MDT to support system removal after completion of the
research project.

Yellowstone National Park was mostly concerned about landscape aesthetics (see also Huijser, et
al. 2006). For Yellowstone National Park, system removal after the study was a condition for
approval of Phase II of the project.
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3.0 SYSTEM EFFECTIVENESS: VEHICLE SPEED

3.1 INTRODUCTION

Once an animal detection system reliably detects the target species, and the warning signals and
signs are activated, driver response determines how effective the system ultimately is in reducing
animal-vehicle collisions. Figure 3.1 splits driver response into two components: increased driver
alertness and lower vehicle speed.

Reliable warning signals

Increased driver awareness; large
animals may be on or near the road

I
v .

| Lower vehicle speed ‘ | Increased driver alerthess

Reduced reaction time
when confronted with a
large animal ahead

Shorter

stopping
distance

Vehicle may hit Vehicle may not
animal at lower speed hit animal

Figure 3.1: Driver response components dependent on reliable warning signals

A higher state of alertness of the driver, lower vehicle speed, or a combination of the two can
result in a reduced risk of a collision with the large animal and less severe collisions. A reduced
collision risk and less severe collisions mean fewer human deaths and injuries and lower
property damage. In addition, fewer large animals are killed or injured on the road without
having been restricted in their movements across the landscape. Furthermore, fewer large dead
animals will have to be removed, transported, and disposed of by road maintenance crews.

This chapter focuses on the effect of activated warning sings on vehicle speed. Previous studies
have shown variable results:

e Substantial decreases in vehicle speed (>3.1 mi/h (>5 km/h)) (Kistler 1998; Muurinen
and Ristola 1999; Kinley, et al. 2003; Dodd and Gagnon 2008);
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e Minor decreases in vehicle speed (<3.1 mi/h (<5 km/h)) (Kistler 1998; Muurinen and
Ristola 1999; Gordon and Anderson 2002; Kinley, et al. 2003; Gordon, et al. 2004;
Hammond and Wade 2004); and

e No decrease or even an increase in vehicle speed (Muurinen and Ristola 1999; Hammond
and Wade 2004).

This variability in results is likely related to various conditions (see also Huijser, et al. 2006):
e The type of warning signal and signs;

e Whether the warning signs are accompanied with advisory or mandatory speed limit
reductions;

e Road and weather conditions;
e Whether the driver actually sees an animal;
e  Whether the driver is a local resident;

e Possibly the road length of the zone with the animal detection system and the road length
that the warning signs apply to (the more location specific the better); and

e Possibly cultural differences that may cause drivers to respond differently to warning
signals in different regions.

Kistler (1998) found that drivers reduced their speeds substantially when presented with
activated warning signals that were accompanied with a reduction of the maximum speed limit
(24.8 mi/h (40 km/h)). The average vehicle speed decreased from 42.3 mi/h (68 km/h) (warning
lights off) to 28.6 mi/h (46 km/h) (warning lights on). Other locations that had warning signs
only and no reduced maximum speed limit showed only a minor reduction in vehicle speed.
There the average vehicle decreased from 31.7 mi/h (51 km/h) (warning lights off) to 29.2 mi/h
(47 km/h) (warning lights on). In this case, however, the average vehicle speed with the warning
lights off was relatively low already, and vehicle speed with the lights on was similar to that with
activated warning signals in combination with a mandatory reduction in speed limit.

Dodd and Gagnon (2008) also found that drivers reduced their speeds substantially when
presented with activated warning signals. The average vehicle speed decreased from 62.7 mi/h
(100.9 km/h) (warning lights off) to 50.7 mi/h (81.6 km/h) (warning lights on).

During the day, Muurinen and Ristola (1999) observed a slight increase in vehicle speed as a
response to the activated warning signals: an increase of 0.2-0.3 mi/h (0.4-0.5 km/h). During the
night however, there was a minor reduction in vehicle speed: 1.0-1.6 mi/h (1.6-2.6 km/h).
Drivers reduced their speeds substantially when it rained, 8.7-9.7 mi/h (14.0-15.6 km/h). These
results suggest that drivers are more likely to reduce vehicle speeds and reduce them
substantially when visibility and road conditions are poor.
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Drivers who live in the area surrounding an animal detection system are more likely to be
familiar with the purpose and reliability of an animal detection system than non-locals. If the
animal detection system is reliable and if drivers receive confirmation (i.e., observe an animal
when warning lights are on and do not when warning lights are off), local drivers may learn to
trust an animal detection system. Therefore, local drivers may be more alert, and they may
reduce their speed more than non-local drivers. However, if an animal detection system is not
reliable, or if the drivers do not receive confirmation, local drivers may be less responsive than
non-local drivers.

Kistler (1998) found that local drivers showed greater speed reduction and drove slower than
non-locals when warning lights were on (compared to when they were off), as shown in Table
3.1. These findings suggest that local drivers may have trusted the animal detection systems
more than non-local drivers. This also suggests that overall driver response may be less
pronounced on roads that have a relatively high proportion of non-local drivers. Finally, the
results indicate that one is more likely to observe a response to the flashing warning lights (lower
vehicle speed) if drivers have been given the opportunity to learn to trust the system. Therefore
speed readings taken immediately after system installation may show smaller speed reductions
than speed readings taken after a period of time has passed, e.g., three months later.

Table 3.1: Speed reduction comparisons — local vs. non-local drivers

Local Drivers Non-Local Drivers
Warning Warning Warning Warning
Lights Off Lights On Lights Off Lights On
With mandatory speed limit reduction 42.3 mi/h 27.3 mi/h 43.5 mi/h 31.7 mi/h
(68 km/h) (44 km/h) (70 km/h) (51 km/h)
Without mandatory speed limit reduction 31.7 mi/h 27.3 mi/h 31.1 mi/h 29.2 mi/h
(51 km/h) (44 km/h) (50 km/h) (47 km/h)

Source: Kistler 1998

Minor reductions in vehicle speeds may not seem meaningful, but the relationship between
vehicle speed and the risk of fatal accidents (for humans) is exponential (Kloeden, et al. 1997).
This means that at a high vehicle speed a small decrease in speed results in a disproportionately
large decrease in the risk of the severity of a potential accident. Thus a relatively small reduction
in vehicle speed can be very important. However, the relationship between vehicle speed and the
risk of fatal accidents has not specifically been tested with respect to large animals in rural areas.

In this chapter the authors report on their investigation of the effect of activated warning signs on

vehicle speeds for the animal detection system along US Highway 191 in Yellowstone National
Park, Montana. The researchers expected lower vehicle speed with activated warning signs.

3.2 MATERIAL AND METHODS

3.2.1 Study area and animal detection system

The study area, the animal detection system, and the warning signs are described in Chapter 1.
The posted maximum speed limit on US Highway 191 inside Yellowstone National Park was 55
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mi/h (88.50 km/h). The northern edge of the road section with the animal detection system was
exactly 2 mi south of the boundary of Yellowstone National Park. The posted maximum speed
limit north of the Park boundary was 60 mi/h (96.54 km/h).

3.2.2 General study design

All the beacons were forced on at certain times by issuing a command through a web-based
interface and satellite connection with the master station (see also Chapter 2). After a certain
time, a command was issued to the master station to resume normal operation and stop the
continuous flashing of the lights. The detection log saved by the system was used to verify the
exact times the lights were forced on and were put back into normal operation again. This
capability to manually control the beacons allowed the researchers to select dates and times that
all four lights were on continuously. The detection log saved by the system also indicated time
periods when none of the beacons was activated. For the study of driver response to the warning
signs the researchers selected time periods that were at least 30 min long.

The researchers also installed three traffic counters (see section 3.2.3); one was located outside
of the detection area at each end of the 1 mi (1,609 m) long detection area; and one was located
at the master station, at about the mid-point of the detection area (Figures 3.2 and 3.3). The
traffic counters recorded traffic parameters with a date and time stamp, allowing the researchers
to link these measurements to time periods when the beacons were either all on or all off.

Traffic parameters were collected between 13 June and 25 July 2008. Data from this time period
were used to investigate the effect of activated warning signs on potential changes in vehicle
speeds as traffic approached and traveled through the animal detection area. Data collected at the
counter location at the mid-point of the animal detection system (Traffic counter ADS) were also
used to investigate the effect of the activated warning signs on vehicle speed. During the data
collection period there was mostly no precipitation and the pavement was dry and not slippery.
There was no construction in the immediate vicinity of the test area.

[/
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Figure 3.2: Location of the three traffic counters relative to the animal detection area,
shown by the red line (see also Figure 2.6). ADS = animal detection system.
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Figure 3.3: Tubes of the traffic counter at the master station within the animal
detection area (Photo: Marcel Huijser, WTI-MSU)

3.2.3 Traffic counters

JAMAR TraxPro counters and pneumatic road tubes were installed at three locations (Figure
3.2). The counters recorded the date, time, vehicle type, vehicle speed, and gap (in seconds)
between vehicles. The vehicle type classifications may be found in Appendix B. The
northernmost counter was located approximately 2,461 ft (750 m) from the northern end of the
road section with the animal detection system, and the southernmost counter was located
approximately 1,722 ft (525 m) from the southern end of the animal detection area. These
locations were far enough away from the first beacons for each travel direction (shown in Figure
3.2), so that drivers would not to be able to interpret these warning signs and potentially change
their speed in response to them. The counter within the animal detection area was located at or
close to the second beacons and warning signs for each travel direction (see Figure 3.2). Thus the
data recorded at the traffic counter within the animal detection area recorded traffic parameters
from drivers who had passed two beacons and the associated warning signs.

For data analyses the vehicle type categories (Appendix B) were grouped as shown in Table 3.2.

Table 3.2: Grouping of vehicle type categories

Vehicle type groups Vehicle type classes (Appendix B)
Motorcycles 1

Passenger cars, pick-ups and vans 2 and 3

Buses 4

Trucks (single unit) 5,6,and 7

Trucks (two or more units) 8,9,10,11,12, and 13
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3.2.4 Minimum gap between vehicles

Depending on the road conditions and traffic volume, vehicles may travel in groups (platoons),
as there may be few opportunities to overtake other vehicles. When measuring the effect of the
activated warning signs on vehicle speed, it is important to only include the speed data from the
first vehicle in a platoon, as the speeds of the following vehicles are likely to be influenced by
that of the first vehicle. Except for the speed of the first vehicle, speeds of vehicles that traveled
less than 10 seconds apart were discarded.

3.2.5 Sample size and road and weather conditions

Since small reductions in vehicle speed are important, speed studies must have relatively large
sample sizes. Figure 3.4 shows the relationship between the required sample size and the
detectable speed reduction. For example, in order to detect a substantial reduction in vehicle
speed (>3.1 mi/h (=5 km/h)), a minimum of 115 vehicles per treatment is required.3 To detect
smaller reductions in vehicle speed a much larger sample size is required. For example, in order
to detect a reduction in vehicle speed of >1.6 mi/h (>2.5 km/h), a minimum of 455 vehicles per
treatment is required.* These numbers are based on a power analysis conducted with speed data
from the test site along Highway 191 in Yellowstone National Park (see Huijser, et al. 2006 for
further details). Other sites may have different vehicle speeds and variation in speed; thus other
sites may require a higher or lower minimum sample size. For this study the researchers aimed to
measure differences in vehicle speed >1.6 mi/h (>2.5 km/h), which required a sample size of at
least 455 vehicle speed measurements per treatment.

500
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400 +

350 1

300 1

250 1

200 A

150 4

100 A

Required sample size (n vehicles)

50 A

O T T T
0 5 10 15 20

Speed reduction (km/hr)

Figure 3.4: Sample size required to detect speed reduction

3 1-sided t-test, a = 0.05, power = 0.8
4 1-sided t-test, o = 0.05, power = 0.8
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3.2.6 Driver familiarity with area and system

The researchers recorded the issuing state of vehicle license plates on 16, 17, and 23 June 2008
and on 7, 9, and 17 July 2008. For vehicles originating from Montana, the county number was
noted as well. Vehicles with a Montana license plate from Gallatin County and vehicles from
Yellowstone National Park were classified as “local traffic.” All other vehicles were labeled as
“non-local traffic.”

3.2.7 Statistical analyses
3.2.7.1  Changes in vehicle speed

Data from all three counters were used to investigate how vehicle speed may change as
vehicles approach, travel through, and leave the road section with the animal detection
system.” These analyses were only carried out for the most abundant vehicle type group:
passenger cars, pick-ups and vans. Since vehicle speed follows a Poisson distribution, the
natural logarithm (Ln(speed)) was calculated from the variable “vehicle speed.”

Separate ANOVA analyses were conducted for northbound traffic and southbound
traffic, with Ln(speed) as the dependent variable and with traffic counter location (north
of ADS, ADS, south of ADS), visibility (day, night) and warning sign status (lights off,
lights on) as explanatory variables, including all interactions. Only interaction and main
effects with P-values <0.05 are discussed below. The mean vehicle speed for each set of
conditions was calculated by calculating the mean of Ln(speed) and transforming it back
to its original scale in miles per hour.

3.2.7.2  Vehicle speed

Data from the counter inside the animal detection area (Traffic counter ADS) were used
to investigate the effect of activated warning signs on vehicle speed in the road section
with the animal detection system.® Vehicle type groups with less than 250 vehicles per
travel direction for daylight conditions were excluded from the analyses (i.e.,
Motorcycles, Buses, and Trucks (single unit)). Since vehicle speed follows a Poisson
distribution, the natural logarithm (Ln(speed)) was calculated from the variable “vehicle
speed.”

Separate ANOVA analyses were conducted for the two remaining vehicle type groups
(Passenger cars, pick-ups and vans, and Truck (two or more units)). These analyses were
conducted for each travel direction (northbound, southbound), with Ln(speed) as the
dependent variable and visibility (day, night) and warning sign status (lights off, lights
on) as explanatory variables, including the interaction of these variables. Only interaction
and main effects with P-values <0.05 are discussed below. The mean vehicle speed for
each set of conditions was calculated by calculating the mean of Ln(speed) and
transforming it back to its original scale in miles per hour.

> Data collection during the period 16 June 2008 through 27 June 2008
% Data collection 16 - 27 June 2008, 2 July 2008, 7 - 15 July 2008, and 19 - 25 July 2008
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3.3 RESULTS

3.3.1 Traffic characteristics

Average traffic volume (both travel directions combined) was 2,428 vehicles per 24-hour period
between noon on 13 June 2008 and noon on 27 June 2008. Traffic volume was similar for
southbound (48.9%) and northbound (51.1%) traffic. Figure 3.5 shows the traffic volumes for
each hour of the day. Traffic volumes were highest between 10 am and 7 pm. Figure 3.6 shows
the proportions of vehicle type groups during this period. Most of the vehicles (70%) were
passenger vehicles, pick-ups or vans. Trucks with two or more units were the second most
abundant vehicle type group (13%).

Based on visual observations of the license plates, vehicles traveling south were classified as
22.3% local and 77.7% non-local (N = 834). Vehicles traveling north were classified as
31.2% local and 68.8% non-local (N1 = 778).
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Figure 3.5: Average hourly traffic volumes between 13 and 27 June 2008 at the road section with the animal
detection system
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unclassified, 5%

trucks (single unit),
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pick-ups, vans, 70%

Figure 3.6: Vehicle type groups between 13 and 27 June 2008 traveling the road
section with the animal detection system (N = 33,993)

3.3.2 Changes in vehicle speed

Passenger cars, pick-ups and vans traveling south changed their speed as they entered, traveled
through, and left the road section with the animal detection system. Figures 3.7 and 3.8 show the
changes in southbound speed for this vehicle type group during daylight and nighttime
conditions respectively. With the warning beacons off, mean vehicle speed decreased when
traveling through the animal detection area during the day (1.72 mi/h (2.77 km/h)) and at night
(1.08 mi/h (1.74 km/h)). With the warning beacons on, mean vehicle speed decreased during the
day (3.44 mi/h (5.53 km/h)), but it increased slightly at night (0.11 mi/h (0.18 km/h)). Mean
vehicle speeds increased after leaving the animal detection area. In general, the mean vehicle
speeds were lower with the warning beacons activated than with the warning beacons off.

ANOVA analysis of the interaction between counter location and the status of the warning lights
showed that the change in vehicle speed was dependent on whether the warning lights were
activated (P<0.001). ANOVA analysis of the interaction effect between counter location and
visibility (day/night) showed that the change in vehicle speed was also dependent on visibility
(P=0.008).
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Figure 3.7: Changes in vehicle speed of passenger cars, pick-ups, and vans for
southbound traffic during the day (with sample size shown above each bar)
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Figure 3.8: Changes in vehicle speed of passenger cars, pick-ups, and vans for
southbound traffic during the night (with sample size shown above each bar)
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Passenger cars, pick-ups and vans traveling north changed their speed as they entered, traveled
through, and left the road section with the animal detection system. Figures 3.9 and 3.10 show
the changes in northbound speed for this vehicle type group during daylight and nighttime
conditions respectively. With the warning beacons off, mean vehicle speed increased when
traveling through the animal detection area, (2.51 mi/h (4.04 km/h)) during the day and at night
(1.66 mi/h (2.67 km/h)). With the warning beacons on, mean vehicle speed increased 1.47 mi/h
(2.37 km/h) during the day and 3.55 mi/h (5.71 km/h) at night. Mean vehicle speeds tended to
stay the same or increase after leaving the animal detection area. While speeds increased after
vehicles entered the animal detection area, vehicle speed was lower with the warning beacons
activated than with the warning beacons off. During daylight conditions vehicle speed was
slightly higher after leaving the road section with activated warning beacons compared to
inactive warning beacons.

ANOVA analysis of the interaction between counter location and the status of the warning lights
showed that the change in vehicle speed was dependent on whether the warning lights were
activated (P=0.001). ANOVA analysis of the interaction effect between counter location and
visibility (day/night) showed that vehicle speed was also dependent on visibility (P<0.001).
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Figure 3.9: Changes in vehicle speed of passenger cars, pick-ups, and vans for
northbound traffic during the day (with sample size shown above each bar)
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Figure 3.10: Changes in vehicle speed of passenger cars, pick-ups, and vans for
northbound traffic during the night (with sample size shown above each bar)

3.3.3 Vehicle speed

Figures 3.11 and 3.12 show the mean vehicle speeds in both daylight and nighttime conditions of
passenger cars, pick-ups and vans within the animal detection area for southbound and
northbound traffic respectively. This vehicle type group had lower mean speeds with warning
beacons activated compared to warning beacons off. For southbound traffic, the mean speed was
2.78 mi/h (4.47 km/h) lower during the day and 2.58 mi/h (4.15 km/h) lower during the night
(ANOVA, main effect status warning signs, P<0.001). For northbound traffic, the mean speed
was 0.29 mi/h (0.47 km/h) lower during the day and 1.34 mi/h (2.16 km/h) lower during the
night (ANOVA, main effect status warning signs, P=0.05). For day and night combined, the
mean vehicle speed was 2.76 mi/h (4.44 km/h) lower for southbound traffic and 0.41 mi/h (0.66
km/h) lower for northbound traffic with warning beacons activated. For both directions
combined, the mean passenger car, pick-up and van speed was 1.52 mi/h (2.45 km/h) lower with
warning beacons activated.
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Figure 3.11: Vehicle speed of passenger cars, pick-ups, and vans for southbound traffic
(with sample size shown above each bar)
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Figure 3.12: Vehicle speed of passenger cars, pick-ups, and vans for northbound traffic
(with sample size shown above each bar)
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Figures 3.13 and 3.14 show the mean vehicle speeds in both daylight and nighttime conditions of
trucks with two or more units within the animal detection area for southbound and northbound
traffic respectively. This vehicle type group also had lower mean speeds with warning beacons
activated compared to warning beacons off. For southbound traffic, the mean speed was 1.32
mi/h (2.12 km/h) lower during the day and 1.09 mi/h (1.75 km/h) lower during the night
(ANOVA, main effect status warning signs, P=0.011). For northbound traffic, the mean speed
was 0.42 mi/h (0.68 km/h) lower during the day and 1.99 mi/h (3.20 km/h) lower during the
night (ANOVA, main effect status warning signs, P=0.05). For day and night combined, the
mean vehicle speed was 1.29 mi/h (2.08 km/h) lower for southbound traffic and 0.78 mi/h (1.26
km/h) lower for northbound traffic with warning beacons activated. For both directions
combined, the mean truck speed was 0.91 mi/h (1.46 km/h) lower with warning beacons
activated.
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Figure 3.13: Vehicle speed of trucks with two or more units for southbound traffic (with
sample size shown above each bar)
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Figure 3.14: Vehicle speed of trucks with two or more units for northbound traffic (with
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3.4 DISCUSSION

Southbound drivers reduced their speeds when traveling through the road section with the animal
detection system, both with warning lights off and on. In contrast to the researchers’
expectations, northbound drivers increased their speeds when traveling through the animal
detection area, both with warning lights off and on. It is uncertain why the mean speeds of
northbound traffic increased. Perhaps this increase in speed was related to the geometry of the
road or the proximity of the boundary of the National Park two miles farther north.

Nonetheless, the Passenger cars, pick-ups, and vans Group, and the Trucks with two units or
more Group had lower vehicle speeds with the warning lights activated compared to warning
light off. For both travel directions combined, the speed of passenger cars, pick-ups, and vans
was 1.52 mi/h (2.45 km/h) lower with the warning lights activated. The speed of trucks with two
units or more was 0.91 mi/h (1.46 km/h) lower with warning lights activated.

While vehicles only reduced their speed by a few miles per hour, small reductions in vehicle
speed are associated with a disproportionate decrease in the probability of severe accidents when
traveling at high speed (Kloeden, et al. 1997). In addition, fewer or less severe wildlife-vehicle
collisions may be attained not only through lower vehicle speed, but also through increased
driver alertness (see Section 3.1). Warning signs with activated beacons are likely to make
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drivers more alert. Driver reaction time to an unusual and unexpected event can be reduced from
1.5 sec to 0.7 sec if drivers are warned (Green 2000). A constant passenger vehicle speed of
57.45 mi/h (92.44 km/h) with warning lights on leads to a potential reduction in stopping
distance of 67.3 ft (20.5 m).
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4.0 SYSTEM EFFECTIVENESS: COLLISIONS WITH LARGE
MAMMALS

4.1 INTRODUCTION

The ultimate measure of the effectiveness of animal detection systems is whether they result in
fewer collisions with large mammals. Kistler (1998), Romer and Mosler-Berger (2003), and
Mosler-Berger and Romer (2003) published research on the number of animal-vehicle collisions
before and after seven detection systems were installed in Switzerland. As shown in Table 4.1,
these systems reduced the number of animal-vehicle collisions by 82% on average.” All seven
sites showed a reduction in collisions after an animal detection system was installed, and three of
the seven sites had not had a single collision six to seven years after system installation. The data
relate to collisions with roe deer (Capreolus capreolus) and red deer (Cervus elaphus). Collisions
that occurred during the day when the systems were not active were excluded from the analyses.

While the sites with an animal detection system showed a strong reduction in the number of
animal-vehicle collisions, the total number of animal-vehicle collisions in the wider region
remained constant (Kistler 1998). This is further evidence that the reduction in collisions was
indeed related to the presence of the animal detection systems and not the result of potential
reductions of the ungulate populations or major changes in traffic volume and time of travel.
Furthermore, detection data stored by the systems and tracking data confirmed that ungulates still
frequented the sites (Mosler-Berger and Romer 2003).

Data from a site in Arizona (Dodd and Gagnon 2008) showed that elk-vehicle collisions were
reduced from 11.7 per year on average to 1 per year after an animal detection system was
installed in a gap in an electric fence (1 year of data post-installation). This was a 91% reduction
in collisions with large animals.

7 1-sided Wilcoxon matched-pairs signed-ranks test, P=0.008, n=7. See Kistler (1998) for details on the seven sites
and systems.
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Table 4.1: Collisions with large animals before and after the installation of animal detection systems in
Switzerland (based on Mosler-Berger and Romer 2003)

Before After Reduction
Collisions Collisions

Location (N) Yrs | Coll.lyr (N) Yrs | Coll/lyr | Coll./lyr %
Warth 14 7 2.00 3 10 0.30 1.70 85.00
Soolsteg 8 11 0.73 1 6 0.17 0.56 77.08
Val Maliens 7 3 2.33 6 5 1.20 1.13 48.57
Marcau 12 4 3.00 6 5 1.20 1.80 60.00
Schafrein 26 8 3.25 0 6 0.00 3.25 100.00
Duftbéchli 18 8 2.25 0 6 0.00 2.25 100.00
Griinenwald 6 8 0.75 0 7 0.00 0.75 100.00
Average 81.52
reduction

Anecdotal data from other sites show the following:

e An animal detection system near Sequim, WA (see Huijser, et al. 2006), has led to a
reduction in elk-vehicle collisions.®

e A site with the system near Clam Lake, WI (see Huijser and Kociolek 2008) has
experienced two elk-vehicle collisions between 19 December 2006 (when the system
became operational) and fall 2007 (Clam Lake Elk News 2007). During this same period
the previous year there were five elk vehicle collisions; suggesting a 60% reduction in
collisions with large animals.

e About 50% fewer white-tailed deer than expected were hit at a site near Marshall, MN
(see Huijser, et al. 2006) between April 2007 (when the animal detection system became
operational) and January 2008 (CBS 2008). Before the system became operational
between 40 and 80 white-tailed deer were hit on the one-mile-long road section equipped
with the system (Star Tribune 2007).

4.2 METHODS

This section discusses the research methods used to test the effectiveness of the animal detection
system along US Highway 191 in Yellowstone National Park in reducing the number of
collisions with large mammals.

8 Personal communication, Shelly Ament, Washington Department of Fish and Wildlife; personal communication,
David Rubin, Sequim Elk Habitat Committee.
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4.2.1 Study design

Most studies that investigate the effect of animal detection systems on the number of collisions
with large mammals analyze animal-vehicle collision data or road mortality data before and after
the systems are installed. It is important that the data are collected for several years both before
and after installation (comparison in time) as well as at the site with the animal detection system
and on road sections in the surrounding area (comparison in space). Comparisons in time may be
confounded by fluctuating animal populations, changes in traffic volume and time of travel, and
changes in the landscape that may influence animal movement patterns to and from the road.
Comparisons in space could be influenced by variability in site conditions, as well as other
factors that may change or differ between the test and control sites.

For this study the researchers analyzed animal-vehicle collision data and road mortality records
from the 1 mi (1,609 m) long road section equipped with the system (treatment section) as well
as other sections on this road that served as a control. The animal-vehicle collision data and road
mortality records were collected from 1998 through 2007.

4.2.2 Animal-vehicle collision data and road mortality data

The researchers received animal-vehicle collision data and road mortality data from the
following sources:

e Yellowstone National Park: wildlife mortality records 1989 through 2007. The
researchers selected road mortality records only from this data set.

e Montana Department of Transportation: carcass removal reports 1998 through 2007.

e Montana Department of Transportation: Montana Highway Patrol accident reports 1992
through 2007. The researchers selected animal-vehicle collision records only from this
data set.

The researchers combined the data from the three sources for the ten-year period 1998 through
2007. Potential duplicates (multiple collision or carcass records that related to the same incident)
were deleted from the data set by screening the data for records that were within 2 days and
within 0.2 mi from each other.

The researchers only included data that occurred between the southern boundary of Yellowstone
National park (mile reference post 11.0) and the entrance to Gallatin Canyon (mile reference post
71.0). Thus the data related to 60.0 mi (96.54 km) in total.

Two of the data sets, wildlife mortality records from Yellowstone National Park and carcass
removal reports from the Montana Department of Transportation, included the species name of
the animal involved in each collision. The third data set, the Montana Highway Patrol accident
reports, did not include the species name of the animal involved.

The reported species in collisions occurring between mile reference posts 11.0 and 71.0 are
shown in Figure 4.1. Elk (Cervus elaphus), mule deer (Odocoileus hemionus), white-tailed deer
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(O. virginianus), and moose (Alces alces) represented 81.9% of the reported collisions or
mortality reports.’

Other, 8.8%

Elk, 33.4%

9.4%

Mule deer, 28.4%

N=1,025

Figure 4.1: Species reported to be involved with wildlife-vehicle collisions along US
Hwy 191, mile reference post 11.0 through 71.0, 1998 through 2007 (treatment section
and all control sections combined)

The reported species from the treatment section (mile reference posts 28.0 through 29.0) are
shown in Figure 4.2. Elk, mule deer, moose, coyote, and wolf represented 91.2% of the reported
collisions or mortality reports.

? The category “other” for the entire road section between mile reference posts 11.0 and 71.0 included coyote (Canis
latrans) (n=44, 4.29%), bighorn sheep (Ovis canadensis) (n=11, 1.07%), gray wolf (Canis lupus) (n=9, 0.88%),
black bear (Ursus americanus) (n=7, 0.68%), beaver (Castor canadensis) (n=3, 0.29%), deer spp. (Odocoileus spp.)
(n=2, 0.20%), bison (Bos bison) (n=1, 0.10%), bobcat (Lynx rufus) (n=1, 0.1%), grizzly bear (Ursus arctos) (n=1,
0.1%), mountain goat (Oreamnos americanus) (n=1, 0.10%), raccoon (Procyon lotor) (n=1, 0.10%), and species not
listed as a standard category on the Montana Department of Transportation carcass removal form (n=9, 0.88%) (see
also Huijser, et al. 2007a).
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Elk
50.0%

Mule
20.6%

N=34

Figure 4.2: Species reported to be involved with wildlife-vehicle collisions
along US Hwy 191, mile reference post 28.0 through 29.0, 1998 through 2007
(treatment section only)

For the investigation of the effectiveness of the system in reducing collisions the researchers only
selected the records that related to large mammals, as the animal detection system was designed
to detect large mammals only, primarily elk (Huijser, et al. 2006). The selected species included
deer (white-tailed deer and mule deer), elk, moose, bighorn sheep, mountain goat, bison, black
bear and grizzly bear. However, the researchers also included all Montana Highway Patrol
accident reports. Since these animals were apparently large enough to have resulted in human
injuries, human fatalities or at least $1,000 in vehicle repair costs (see Huijser, et al. 2007a), it
was assumed that the animals were also large enough to have been detected by the animal
detection system.

4.2.3 Treatment section and control sections

The animal detection system installed between mile reference posts 28.0 and 29.0 in
October/November 2002 was the “treatment” section (Huijser, et al. 2006). Various technical
and design problems were identified and addressed before the system became fully operational
on 18 January 2007. The system remained in full operation until it was removed on 18 August
2008.

In both the treatment section and the control sections the location of the collisions and road
mortalities were estimated to the nearest 0.1 mi (160.9 m), based on the mile reference posts
which were spaced at about 1.0 mi (1,609 m). As shown in Figure 4.3, however, the collision
and road mortality data were more often reported to the nearest whole- or half-mile point rather
than to the nearest tenth-mile.
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Since the treatment section was 1.0 mi long, the researchers included all collision and carcass
data reported for mile reference posts 28.0 through 29.0. Given the likelihood that many of the
reported locations were approximated, though, the data were likely to have related to a longer
road section, perhaps extending as much as 0.3 mi (483 m) beyond the whole mile reference
posts on either side.

Because the treatment section began and ended at whole mile reference posts, and because the
collision and carcass data were biased towards the whole (and half) mile reference posts, the
functional analysis units, for both the treatment section and all the control sections (N=59), ran
from each whole mile reference post to the next reference post.
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Figure 4.3: Observed and expected frequency distribution (N = 1,025) of animal-vehicle collision data
and road mortality data (Pearson’s Chi-square-test, x’=179.61, 9 d.f., p<0.001). Note: This analysis was
conducted for all reported collisions and road mortalities, regardless of the size of the species.

4.3 RESULTS

4.3.1 Comparison in time

Figure 4.4 shows the average number of reported collisions with large mammals and large
mammal road mortalities in the treatment section before and after the activation of the animal
detection system. In the years 1998-2006, before the animal detection system became fully
operational, the treatment section had an average of 3.0 reported collisions and mortalities. In
2007, when the system was fully operational, one large mammal road mortality (an elk) was
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reported from the treatment section. This number was 66.7% lower than might be expected,
based on the average from previous years.

6.00

- 0O Average 1998-2006
5.00 - W 2007 (no variance)

4.00

3.00 ~

2.00

Animal-vehicle collisions (N)

1.00

0.00

Figure 4.4: Average number (£ SD) of reported collisions with large mammals and large mammal road
mortalities from the treatment section before and after the system became fully operational

4.3.2 Comparison in space

Figure 4.5 shows the annual reported collisions with large mammals and large mammal road
mortalities in the control sections (N=59) and the treatment section before and after activation of
the animal detection system. Before the system became fully operational (1998 through 2006)
the average number in the 59 control sections was about two per year. The average in the
treatment section was much more variable, mostly because the treatment section included only a
one-mile road section. After the system became fully operational (2007), the number of reported
collisions or road mortalities in the treatment section was 34.6% lower than in the control
sections.

Not all control sections, however, were comparable to the treatment section in the number of
reported collisions and road mortalities. Therefore the researchers selected 11 control sections
that had had a similar average number of reported collisions and road mortalities (2.6 - 3.4) to
that of the treatment section (3.0) in the years 1998 through 2006. The researchers then
calculated the average number for these control sections in 2007 and compared it to the number
for the treatment section. The findings are shown in Figure 4.6. While the system was
operational the number of reported collisions and road mortalities in the treatment section was
57.6% lower than the average in the selected control sections.
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Figure 4.5: Average number (£ SD) of reported collisions with large mammals and large mammal road mortalities
from the control sections (N=59) and the treatment section before and after the system became fully operational
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Figure 4.6: Average number (£ SD) of reported collisions with large mammals and large mammal road mortalities
from selected comparable control sections (N=11) and the treatment section while the system was fully operational
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4.4 DISCUSSION

The number of reported collisions with large mammals and large mammal road mortalities from
the treatment section after the system became operational was 66.7% lower than the nine-year
average before the system became operational. While the system was operational the number of
reported collisions with large mammals and the number of large mammal road mortalities in the
treatment section was 57.6% lower than in comparable control sections. While both the
comparison in time and space suggest that the animal detection system resulted in fewer
collisions with large mammals, the short (one-mile) length of the treatment section combined
with the limited time of data collection (one year) while the system was operational do not allow
for a statistical test and a firm conclusion. Nonetheless, the available literature on the
effectiveness of animal detection systems in reducing collisions with large mammals is
consistent with the findings of this study, supporting a conclusion that animal detection systems
indeed result in fewer collisions with large mammals.
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5.0 SYSTEMACCEPTANCE BY THE TRAVELING PUBLIC

5.1 INTRODUCTION

For an animal detection system to be effective, the system needs to detect the target species
reliably, and drivers need to respond to the activated warning signals, either through increasing
their alertness, reducing vehicle speed, or a combination of the two (see Figure 3.1). Driver
response to activated warning signs is critical to the effectiveness of animal detection systems.
Figure 5.1 illustrates the desired driver response to the activated warning signal. In this chapter
the researchers report on a survey of the traveling public to gauge their experiences with and
opinions on the animal detection system along US Highway 191 in Yellowstone National Park
between West Yellowstone and Big Sky, Montana.

e

Figure 5.1: A bull elk (in velvet) approached the system on 25 April 2007, and activated the warning signs. The
activated warning signs in combination with the high visibility of the elk next to the road resulted in vehicles
braking and reducing speed (Personal observation Marcel Huijser, WTI-MSU) (Photo: Marcel Huijser, WTI-MSU).

5.2 SURVEY METHODS

The survey took place between 24 August 2007 and 3 August 2008, and was aimed at the public,
aged 18 years or older, who traveled this particular road section. (The survey instrument is
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included in Appendix C.) The survey was voluntary and anonymous and was delivered via an
internet website, direct interviews along the roadside, and mail. Flyers with the website address
were distributed at gas stations and other locations in West Yellowstone and Big Sky (5 locations
in each town). In addition, the website for the survey was advertised in local and regional media.
The flyer and media ads contained a brief background of the project and a link to a website for
the survey.

Direct interviews were conducted at a gas station in Big Sky. Figure 5.2 shows the booth where
the interviews were conducted. If travelers wanted to participate in the survey but did not have
time to complete the survey at that time, they were provided with the option to fill out the survey
on the website or fill out a hard copy of the survey and return it by mail.

Did you see the animal
detection system?

Figure 5.2: Booth set up for conducting surveys at a gas station in Big Sky, MT (Photo: Angela
Kociolek, WTI-MSU)

The survey questionnaire provided a brief background on the project, a photo of the animal
detection system, and instructions for filling out the questionnaire. More detailed information
about animal detection systems and the historical wildlife-vehicle collision data for the road
section concerned was provided at the end of the questionnaire.
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There were 160 responses in total — 66 from the website, 86 from roadside interviews, and 8
from mailed responses. Not all respondents answered every one of the 24 survey questions. The
researchers treated unanswered questions as “missing data;” these were not included in the
results. The actual sample size is always indicated in the results presented below, allowing the
reader to see how many of the 160 respondents chose to answer the individual questions. Some
of the multiple choice survey questions included an option where the respondents could indicate
that they did not want to answer that question or that they did not know. These answers were
included in the results.

5.3 SURVEY RESULTS

The responses to each question in the survey, including individual comments from the
interviewees, are located in Appendix D. This section only highlights the topics that are of
greatest interest. For the complete survey results, please refer to Appendix D.

Question 7 in the survey asked, “Have you noticed the animal detection system and/or the
accompanying warning signs?” The distribution of responses is shown in Figure 5.3. Nearly all
respondents had indeed observed the animal detection system and/or the associated warning
signs.

no, 4%

yes, 96%

Figure 5.3: Respondents who noticed the animal detection
system and/or accompanying warning signs (N=145)

Question 8 in the survey asked, “What do you think the message is when the warning signs are
flashing (= activated)?” As shown in Figure 5.4, the activated warning signs were correctly
interpreted by 39% of the respondents — that animals may be present on or near the road. Since
the warning signs may have also been activated by something else besides large mammals, they
did not necessarily mean that there actually were large animals on or near the road. Overall, 91%
of the respondents were apparently aware that the signs referred to animals on or near the road in
this area.
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Figure 5.4: Respondents’ interpretations of the activated warning signs (N=142)

Question 9 in the survey asked, “What do you think the message is when the warning signs are
NOT flashing (=NOT activated)?”” As shown in Figure 5.5, the non-activated warning signs were
correctly interpreted by 64% of the respondents — that animals may still be present on or near the
road, and that animals often cross the road in this area. However, 17% of the respondents thought
that there were no animals present on or near the road or did not understand the message.

did not
understand other, 6% there is no
the message,
message, 13%
1%
animals are
NOT
presenton animals
or near the often cross
road, 16% the road in
. this area,
anlmgls 30%
may still be
present on
or near the
road, 34%

Figure 5.5: Respondents’ interpretations of the non-activated warning signs (N=142)
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Question 10 in the survey asked, “Would you like to see the animal detection system along US
Hwy 191 removed or stay in place?” Figure 5.6 shows the results. A majority of the respondents
(59%) wanted to see the animal detection system stay in place.

no
preference
16%

remove the
system
25%

have the
system stay
in place
59%

Figure 5.6: Respondents’ wishes on retaining or removing the
animal detection system (N=141)

Question 15 in the survey asked, “If the warning lights were flashing (=activated), how did you
respond to seeing the activated warning signals? (Please check all that apply).” As shown in
Figure 5.7, most respondents (85%) stated that they either reduced the speed of their vehicle or
became more attentive when the warning signs were activated.

did not
remember,~ 'esponded
50 in another

did not

respond, 4% reduced

speed, 40%

became
more
attentive and
looked for
animals,
45%

Figure 5.7: Responses to the activated warning signs (N=64)
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In analyzing the responses to this question, the researchers divided respondents into two groups —
“infrequent travelers” of the road section with the animal detection system (once a year or less,
and 2-12 times per year) and “frequent travelers” (2-4 times per month, and 2 or more times per
week). Figures 5.8 and 5.9 show the responses of these two groups to the activated warning
signs.
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Figure 5.8: Responses to the activated warning signs by infrequent travelers (N=31)
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Figure 5.9: Responses to the activated warning signs by frequent travelers (N=33)
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The results showed that among both infrequent and frequent travelers, most reported to have
reduced their vehicle speed or increased their alertness. However, a larger percentage of
infrequent travelers reported to have reduced vehicle speed than frequent travelers, and more
frequent travelers reported to have increased their alertness than infrequent travelers.

Question 16 in the survey asked, “Do you feel the animal detection system was helpful in this
situation?” As shown in Figure 5.10, about half of the respondents (52%) found the system
helpful when the warning signs were activated.

yes and no,
did not 1%
know, 19%

yes, 52%

no, 28%

Figure 5.10: Opinions on the helpfulness of the system in that situation (N=75)

Question 18 in the survey asked, “Do you think animal detection systems are a good idea? This
question relates to animal detection systems in general, not the one along US Hwy 191 in
specific.” Figure 5.11 shows the results. Most of the respondents (71%) thought the concept of
animal detection systems was a good idea.

did not
know,
13%

no, 16%

yes, 71%

Figure 5.11: Opinions of respondents on whether animal detection systems are a good idea (N=152)

51



Question 19 in the survey asked, “Animal detection systems are designed to warn you when
animals are on or near the roadway. For you to be confident in such a system, what percentage of
large animals (deer and larger) that approach the road do you think should be detected by an
animal detection system?” The results are shown in Figure 5.12, with the number of respondents
in each percentage category. About half of the respondents (51%) expected animal detection
systems to detect all (i.e., 100%) (32%) or nearly all (i.e., 91-99%) (19%) of the large animals
that approach the road. Over two-thirds (68%) expected animal detection systems to detect more
than 80% of large animals approaching the road.
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Figure 5.12: Opinions on the percentage of large animals (deer and larger) that should be
detected when they approach the road (N=152)

Question 20 in the survey asked, “Certain weather conditions, low flying birds, falling leaves or
high vegetation can result in a “detection” and the activation of the warning signs. What
percentage of the total number of detections would you allow to be “false” (that is, the warning
lights are on, but there is not really a large animal present)?” Figure 5.13 shows the results, with
the number of respondents in each percentage category. About half of the respondents (52%)
would allow for no more than 20% of all detections to be false (i.e., not related to large animals).
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Figure 5.13: Percentage of detections that respondents would allow to be “false” (N=148)

Question 21 in the survey asked, “What percentage reduction in collisions with large wildlife
(deer and larger) would you want to see or expect to see as a result of the presence of an animal
detection system?” Figure 5.14 shows the results, with the number of respondents in each
percentage category. Most respondents (60%) expected animal detection systems to reduce
collisions with large animals by 71% or more.

30
25

N
a1
!

21 21
18

20

N
o
!

14

10 10

Respondents (N)
=
[8)]

=
o
!
©

60%or 61- 71- 81- 86- 91- 96- 100% did not
less 70% 80% 85% 90% 95% 99% know

Figure 5.14: Percentage reduction in collisions with large wildlife species that
respondents would like to see as a result of an animal detection system (N=148)
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Question 23 in the survey asked, “Please rank the importance of potential improvements of
animal detection systems. Use a five-point scale where 1 means it is not important and 5 means
that it is very important. (Circle one number per question).” Figures 5.15 through 5.18 show
respondents’ opinions on the importance of four types of potential improvements — reliability,
understandability, size and cost. For most respondents it was very important to have reliable
animal detection systems and clear and easy to understand warning signals (Figure 5.15 and
5.16). On the other hand small, unobtrusive, and inexpensive animal detection systems were
moderately important to very important for most respondents (Figures 5.17 and 5.18).

a. Reliable systems

0% 20% 40% 60% 80% 100%

Onot @slightly O moderately @important B very ‘

Figure 5.15: Importance of improvements in system reliability (N=144)

b. Clear, easy to understand warning signals

0% 20% 40% 60% 80% 100%

Onot O slightly O moderately @ important B very ‘

Figure 5.16: Importance of clear and easy to understand warning signals (N=144)
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c. Small, unobtrusive systems
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Figure 5.17: Importance of small and unobtrusive systems (N=141)

d. Inexpensive systems
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Figure 5.18: Importance of inexpensive systems (N=140)
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5.4 DISCUSSION

As mentioned above, Appendix D contains the detailed results of the traveler survey. The authors
would like to highlight the following results of the survey. A majority of respondents:

Were 25-64 years of age (87%); those 25-44 years of age totaled 41%, and those 45-64
years of age totaled 46%;

Were male (71%);

Drove a pickup, SUV or van (58%) between Big Sky and West Yellowstone 2-12 times
per year or more (89%); and had done so within the past 30 days (75%);

Often or always worried about hitting large ungulates on the road (81%);

Noticed the animal detection system (96%));

Interpreted the signs to mean that large animals either may be or were on or near the road
in this area when the warning signs were activated (91%);

Reduced their speed (40%) or became more alert (45%) as a result of the activated
warning signs; however, a larger percentage of infrequent travelers reported to have
reduced vehicle speed than frequent travelers, and a larger percentage of frequent
travelers reported to have increased their alertness than infrequent travelers;

Thought the system was helpful when it was activated (52%);

Wished to see the US Highway 191 system stay in place (59%);

Thought animal detection systems were a good idea, in general (71%);

Expected animal detection systems to detect all (32%) or nearly all (91-99%) (19%) large
animals that approach the road;

Would allow for no more than 20% of all detections to be false (i.e., not related to large
animals) (52%);

Expected animal detection systems to reduce collisions with large animals by 71% or
more (60%);

Found it very important to make potential improvements in the reliability of animal
detection systems (63%); and

Found it very important to have clear and easy to understand warning signals (64%).

However, the authors would also like to emphasize that:

A portion of the respondents (17%) thought there were no animals on or close to the road
or did not understand the message when the warning signs were not activated, perhaps
leading to an absent or wrong driver response (less alert, faster vehicle speed); and

The respondents who were critical about the animal detection system along US Highway
191 in Yellowstone National Park expressed concerns about the reliability of the system,
the costs of this type of mitigation measure, and how the system affected landscape
aesthetics.
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6.0 SUMMARY AND CONCLUSIONS

6.1 SUMMARY AND CONCLUSIONS OF PHASE I

The summary and conclusions of Phase II of the Animal-Vehicle Crash Mitigation Using
Advanced Technology Study are organized according to the objectives of the project.

e Modify the system so that the blind spots cover 2-5% of the total length of the system at
the most, install remote access to the system through a satellite connection, and make
other repairs and modifications as necessary.

e Conduct further tests on system reliability.

e Investigate the effectiveness of the system with regard to reduction of vehicle speed in
response to activated warning signs.

e Investigate the effectiveness of the system with regard to the number of collisions with
large animals.

e Investigate the acceptance of the system by drivers, the Montana Department of
Transportation, and Yellowstone National Park.

e Remove the system by 31 August 2008, as a condition set by Yellowstone National Park.

6.1.1 Blind spots and remote access

Objective: Modify the system so that the blind spots cover 2-5% of the total length of the system
at the most, install remote access to the system through a satellite connection and make other
repairs and modifications as necessary.

The system was modified and repaired, as reported in Chapter 2. After system modifications,
blind spots covered 1.09% of the total length of the system, surpassing the stated objective.
Remote access through a satellite connection was achieved, not only allowing for a higher
intensity of system monitoring, but also allowing for the warning signs to be manually turned on
or off, either for research or management purposes.

6.1.2 System reliability
Objective: Conduct further tests on system reliability.

System monitoring revealed that various parts of the system showed ongoing wear and tear and
that replacement parts were sparse or not available. This led to repairs rather than replacements,
and relatively intensive monitoring of the system for potential new problems. Mainly because of

57



the experiences at the study site, the vendor (STS, now ICx Radar Systems) has developed a
more integrated, more compact, and more robust animal detection system. This should result in a
smaller footprint and a reduced impact on landscape aesthetics, more reliable operation (fewer
false positives and false negatives), longer life span, and greater distance between the sensors
and associated equipment (see also Huijser, et al. 2006).

6.1.3 System effectiveness — vehicle speed

Objective: Investigate the effectiveness of the system with regard to reduction of vehicle speed in
response to activated warning signs.

Southbound traffic reduced speed when traveling through the road section with the animal
detection system, both with warning lights off and on. Northbound traffic increased speed when
traveling through the road section with the animal detection system, both with warning lights off
and on. It is uncertain why northbound traffic increased speed. Perhaps this increase in speed
related to the geometry of the road, sight distance, or the proximity of the boundary of
Yellowstone National Park two miles farther north. Nonetheless, passenger cars, pick-ups, and
vans, and trucks with two units or more all had lower vehicle speed with the warning signs
activated compared to warning signs off. For both travel directions combined, the speed of
passenger cars, pick-ups, and vans was 1.52 mi/h (2.45 km/h) lower with warning signs
activated. The speed of trucks with two units or more was 0.91 mi/h (1.46 km/h) lower with
warning signs activated.

While vehicles only reduced their speed a few miles per hour, reductions in vehicle speed are
associated with a disproportionate decrease in the probability of severe accidents when traveling
at high speed (Kloeden, et al. 1997). In addition, fewer or less severe wildlife-vehicle collisions
may not only be achieved through lower vehicle speed, but can also be achieved through
increased driver alertness. Activated warning signs are likely to make drivers more alert. Driver
reaction time to an unusual and unexpected event can be reduced from 1.5 sec to 0.7 sec if
drivers are warned (Green 2000). Thus a constant passenger vehicle speed of 57.45 mi/h (92.44
km/h) when the warning lights were on indicated a potential reduction in stopping distance of
67.3 ft (20.5 m).

6.1.4 System effectiveness — animal-vehicle collisions

Objective: Investigate the effectiveness of the system with regard to the number of collisions
with large animals.

The number of reported collisions with large mammals and the number of large mammal road
mortalities from the treatment section after the system became operational was 66.7% lower than
before the system became operational. The number of reported collisions with large mammals
and the number of large mammal road mortalities from the treatment section after the system
became operational was 57.6% lower than in comparable control sections.

While the comparisons in time and space suggest that the animal detection system resulted in
fewer collisions with large mammals, the relatively short road length of the treatment section
combined with only one year of data collection after the system became operational did not
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allow for a test of the statistical significance of these findings; thus no firm conclusion can be
drawn. Nonetheless, the findings of this study are consistent with the available research that
suggests that animal detection systems indeed result in fewer collisions with large mammals. It is
important to note though that an animal detection system must be detecting large animals reliably
before one investigates the effectiveness of a system in reducing collisions with large mammals.

6.1.5 System acceptance

Objective: Investigate the acceptance of the system by drivers, the Montana Department of
Transportation, and Yellowstone National Park.

Most drivers who responded to the survey and who drove the road section with the animal
detection system a) often or always worried about hitting large ungulates on the road (81%); b)
noticed the animal detection system (96%); c) interpreted the signs to mean that large animals
may be or were on or near the road in this area when the warning signs were activated (91%);
and d) reduced their speed (40%) or became more alert (45%) as a result of the activated warning
signs.

Most respondents a) thought the system was helpful when it was activated (52%); b) would like
to see the US Highway 191 system stay in place (59%); and c¢) thought animal detection systems
were a good idea, in general (71%). Most respondents a) expected animal detection systems to
detect all (32%) or nearly all (91-99%) (19%) large animals that approach the road; b) would
allow for no more than 20% of all detections to be false (i.e., not related to large animals) (52%);
and c) expected animal detection systems to reduce collisions with large animals by 71% or more
(60%). Most respondents found it very important to make potential improvements in the
reliability of animal detection systems (63%), and found it very important to have clear and easy
to understand warning signals (64%).

However, 17% of the respondents thought there were no animals on or close to the road or did
not understand the message when the warning signs were not activated, perhaps leading to an
absent or wrong driver response (less alert, faster vehicle speed). Respondents who were critical
of the animal detection system along US Highway 191 in Yellowstone National Park expressed
concerns about the reliability of the system, the costs of this type of mitigation measure, and the
effect of the system on landscape aesthetics.

The Montana Department of Transportation was concerned about the reliability and robustness
of the animal detection system and maintenance effort (see also Huijser, et al. 2006). While the
system proved to detect elk reliably (see also Huijser, et al. 2006), the requirements for system
coverage were met, and remote access through satellite was established to facilitate system
monitoring and system management, substantial concerns remained with regard to the wear and
tear of the system, the associated level of system monitoring, and lack of spare parts. This caused
MDT to support system removal after completion of the research project.

Yellowstone National Park was mostly concerned about landscape aesthetics (see also Huijser, et
al. 2006). For Yellowstone National Park, system removal was a condition for Phase II of the
project.
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6.1.6 System removal

Objective: Remove the system by 31 August 2008, as a condition set by Yellowstone National
Park.

On 18 August 2008 the first sensors were removed. System removal, in accordance with the
guidelines from Yellowstone National Park for subsoil, topsoil and vegetation, was completed on
12 September 2008.

6.2 ACCOMPLISHMENTS AND DISAPPOINTMENTS

After review of the findings and conclusions of the study, the researchers and funders identified
the following accomplishments and disappointments of Phases I and II of this project.

6.2.1 Accomplishments of the project

e Animal detection system technologies and vendors were identified across North America
and Europe.

e Vendors were stimulated to further develop animal detection systems and have the
reliability of their systems evaluated.

e Experiences and opinions on the implementation and operation of animal detection
systems were documented, and lessons learned were formulated.

e One of the two animal detection system technologies investigated for this project
eventually proved to be able to reliably detect large mammals that approach the road.

e The effectiveness of animal detection systems in reducing collisions with large mammals
was reviewed. Overall, different studies indicated that animal detection systems appear to
reduce wildlife-vehicle collisions substantially (50-91%).

e Important insight was gained on the expectations of the public with regard to potential
future minimum reliability standards for animal detection systems. This may guide
further development of animal detection systems and help stakeholders discuss and agree
on potential future standards.

e Important insight was gained on the expectations of the public with regard to the
effectiveness of animal detection systems in reducing wildlife-vehicle collisions. This
may help evaluate whether animal detection systems fulfill expectations of stakeholders.

e Animal detection systems can help society save money rather than be a cost to society on

road sections that have a relatively high concentration of large mammal-vehicle
collisions.
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6.2.2

Awareness of animal detection systems by the public and agencies (transportation and
natural resource management agencies) is increasing, partially as a result of this project
(see Appendix E).

The number of locations where animal detection systems are installed in North America
is increasing, partially as a result of this project. In addition, the number of animal
detection system technologies and vendors is increasing (see Appendix E).

Disappointments

System development and deployment on the two study locations took much more effort
and time than expected (Huijser, et al. 2006).

After the system along Highway 191 in Yellowstone National Park was implemented, it
took substantial effort and about two years’ time to identify technical problems and to
modify the detection technology before the system reliably detected elk (Huijser, et al.
2006).

Design errors caused blind spots where large animals could approach the road undetected
(see also Huijser, et al. 2006). Correction of the blind spots led to increased expenses and
further delays.

Not all project partners fully realized that the project was a research project rather than
the implementation of a tried and proven technology, causing differences in expectations
for the project (Huijser, et al. 2006).

The delays in correcting the blind spots and finalizing other system modifications

reduced the time allotted for the evaluation of the effectiveness of the system in Phase II
of the project, thus resulting in data too limited for any statistical analysis.
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7.0 RECOMMENDATIONS

7.1 INTRODUCTION

Based on the experiences of this study, based on the synthesis of experiences by others in Europe
and North America (see Huijser, et al. 2006; Huijser and Kociolek 2008), and based on
experiences with other animal detection system projects (see e.g., Huijser, et al. 2007b), the
researchers have formulated two sets of recommendations:

e Step-by-step recommendations for agencies considering the installation of an animal
detection system alongside a road (adapted from Huijser, et al. 2006); and

e Recommendations for the future research and monitoring of the reliability and
effectiveness of animal detection systems.

This chapter presents and discusses those recommendations.

7.2 RECOMMENDED STEPS FOR AGENCIES CONSIDERING
IMPLEMENTING ANIMAL DETECTION SYSTEMS

If a transportation agency is interested in deploying an animal detection system, the following
steps are recommended:

Step 1. Define the problem.

Define the problem to be solved (e.g., target species, parameters of effectiveness). Identify the
requirements of the transportation agency (e.g., desired level of effectiveness, maximum
maintenance effort). Identify the site specific conditions and requirements (e.g., slopes, curves,
vegetation, minimum distance from the road, vegetation management restrictions). Ideally this
step should be an outcome of a regional prioritization process, identifying current animal-vehicle
collision hot spots or habitat linkage zones and potential future changes to animal movement due
to changes in land use.

Step 2. Obtain an overview of all effective mitigation measures.

Obtain a current overview of all mitigation measures that are known to address the problem, that
meet the requirements of the transportation agency, and that match the site specific conditions
and requirements. Determine whether an animal detection system is indeed the most appropriate
mitigation measure. While an animal detection system can be applied as a standalone mitigation
measure, it can also be used in combination with other mitigation measures such as wildlife
fencing and wildlife crossing structures (see Huijser, et al. 2006 for examples).
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Step 3. Obtain an overview of all animal detection systems.
Obtain a current overview of all animal detection systems — their vendors, system reliability,
system effectiveness, other aspects of operation and maintenance, and other lessons learned.

Step 4. Select a system.

Select a system that meets the requirements of the transportation agency and that matches the site
specific conditions and requirements. Not all reliable or effective systems may be suitable.
Ideally, systems should meet minimum standards for system reliability. Such standards,
however, have not been established at this time; therefore, no system has yet been tested with
regard to such minimum requirements. If no reliability data are available, consider a two-phased
contract with the vendor. The first phase would entail a beta test of the system in a smaller
temporary installation to determine system reliability prior to a more permanent roadside
installation in the second phase.

Step 5. Take lessons from other projects into account.

Take the lessons learned from this project and others into account (see summary in Huijser, et al.
2006) when preparing project descriptions, contracts and other agreements with vendors,
installation contractors, researchers, and other project partners. In addition, consider what the
most effective warning signs may be, and adhere to potential future standards for warning signs
for animal detection systems.

Step 6. Prepare for technical difficulties, delays, and maintenance.

Prepare for technological difficulties and substantial delays following the installation of an
animal detection system. It may take many months or years before an animal detection system
becomes operational. Even systems that are initially successful will fail without proper
monitoring and maintenance. Also prepare for potential abandonment of the project and system
removal.

Step 7. Make a realistic risk assessment.

Make a realistic risk assessment for potential delays, technological challenges, the financial
situation of a vendor, and political support for the project. If the outcome of the assessment is not
acceptable, consider alternative mitigation measures.

Step 8. Conduct system acceptance tests.

Once an animal detection system technology has been implemented alongside a road, limited
further reliability tests and reliability monitoring are required. Immediately after installation,
basic system functioning should be evaluated before the warning signs or lights are attached and
drivers are exposed to the warning signs. These “system acceptance tests” can include triggering
the system at regular intervals (e.g., by using a human as a model for large mammal species), to
ensure that each detection zone is operational and that no blind spots are present where the target
species can approach the road undetected. In addition, patterns in the detection data can be
analyzed for unexpected patterns (e.g., detections that do not match the knowledge on when and
how much animals move in the road section concerned).

To facilitate system acceptance tests and further monitoring of system reliability and operation, it
is advisable that an animal detection system saves all individual detections with a date and time
stamp and detection zone in a log. Having remote access to the detection log, or a summary of
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the reliability and status parameters of the system, (e.g., through satellite connection) can make
the monitoring of system reliability and system status more practical. An automated screening
process of the reliability and status parameters, which would alert managers when these
parameters are outside of previously defined ranges, would be ideal.

Step 9. Document and publish experiences.

Document and publish the experiences with the project, including lessons learned during design
and planning, installation, and operation and maintenance, regardless of whether the project
results in a reliable or effective system. This provides essential guidance for similar projects in
the future.

Step 10. Document and publish data on system reliability and system effectiveness.

Document and publish data on system reliability and system effectiveness, regardless of whether
the project results in a reliable or effective system. This will allow transportation agencies to
compare the effectiveness of animal detection systems to other mitigation measures and to select
the most reliable and effective animal detection systems.

7.3 RECOMMENDATIONS FOR FUTURE RESEARCH AND
MONITORING

Recommendation 1: Measure system reliability.

Measure the reliability of each animal detection system, unless the reliability in detecting large
mammals has already been investigated and reported on by an independent entity. An example of
a project that aims to measure the reliability of animal detection systems is the effort at the
transportation research facility “TRANSCEND” in Lewistown, central Montana (Huijser, et al.
2007b). As new manufacturers enter the market and as newer technologies become available, a
continued need for investigating system reliability is likely.

Recommendation 2: Standardize how system reliability is measured.

If the reliability of different animal detection systems is to be compared, it is extremely
important to standardize the way system reliability is measured (see Huijser, et al. 2007b for
examples). Reliability parameters should include parameters that address false positives (e.g., a
detection is reported, but there is no large animal present), false negatives (i.e., a large animal is
present but is not detected), and downtime (i.e., the system is not functioning properly and
therefore not detecting the target species). This type of research should preferably be conducted
in a controlled access environment and not along a roadside. It is good practice to install an
animal detection system along a roadside only after the system is known to be reliable.

Recommendation 3: Investigate the influence of environmental conditions.

Investigate the effect environmental conditions may have on the reliability of animal detection
systems. Different detection technologies are affected in different ways by different
environmental conditions. This information is likely to be important when selecting a suitable
detection technology for a given set of environmental conditions at a particular location. This
type of research should preferably be conducted in a controlled access environment and not
along a roadside. An example of a project that aims to investigate the effect of environmental
conditions on the reliability of animal detection systems is the effort at the transportation
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research facility “TRANSCEND” in Lewistown, central Montana (Huijser, et al. 2007b). A
weather station in the vicinity of the test bed collects detailed and frequent data on the
environmental conditions in the area, allowing the researchers to relate the reliability
performance of individual systems to these conditions.

Recommendation 4: Suggest and adopt minimum norms for system reliability.

Part of the project reported on by Huijser, et al. (2007b) investigates the opinions of
transportation agency personnel, natural resource management agency personnel, the public, and
researchers and manufacturers involved with animal detection systems, with regard to minimum
norms for the reliability of animal detection systems. The data were investigated for potential
overlap between the stakeholders to suggest minimum standards for the reliability of animal
detection systems. The final report of this study was expected in the fall of 2008. These data and
suggestions can provide transportation agencies and other stakeholders useful information for
considering the adoption of standards. This would then allow transportation agencies or other
organizations to clearly communicate internally and externally, including to the public and other
stakeholders, what the animal detection systems can and cannot be expected to do. Depending on
the results of the study mentioned above, additional research on minimum reliability norms may
have to be conducted.

Recommendation 5: Conduct meta-analyses.

If reliable animal detection systems are installed along roads, researchers can measure the
effectiveness of these systems in terms of fewer and less severe collisions with large mammals.
While the existing research on the effectiveness of animal detection systems is encouraging,
additional studies are needed before the estimates of collision reduction can be considered
robust.

A major challenge is that the road sections over which animal detection systems are installed are
often relatively short, usually only a couple of hundred yards (see Huijser, et al. 2006). The
average number of large animals killed per time period prior to the installation of an animal
detection system on those short road sections is usually relatively low. These numbers can vary
substantially from year to year at a specific location due to chance alone. Combined with the fact
that most projects only collect data from one location for a few years, it is potentially hard to
show a statistically significant reduction in the number of animal-vehicle collisions after a
system is installed and activated. Long road sections with animal detection systems at multiple
locations and monitoring over many years can help resolve these issues.

Having a substantial number of road sections (e.g., between 5 and 10) where a reliable animal
detection system has been installed and where the number of collisions is monitored is perhaps
the most effective way to answer questions about system effectiveness. Multiple road sections
with reliable animal detection systems directly increase the sample size. Pooling these data (i.e.,
conducting meta-analyses) would allow researchers to provide answers within a much shorter
time period (e.g., 3-5 years). Note, however, that such meta-analyses could ignore potential
differences between sites with regard to the detection technology used, potential differences in
system reliability, potential differences in target species (e.g., deer, elk or moose), potential
differences in the spatial arrangement of the sensors (e.g., systems deployed over long road
sections vs. systems deployed at gaps in a fence), potential differences in warning signs, and
potential differences in how drivers respond to warning signs.
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Recommendation 6: Consider a BACI analysis.

Consider a BACI (Before-After-Control-Impact) analysis when measuring the effectiveness of
animal detection systems in terms of fewer or less severe collisions. It is important that the data
are collected in two ways: 1) for 3-5 years both before and after installation (comparison in
time); and 2) at the site with the animal detection system and on road sections in the surrounding
area (comparison in space). Comparisons in time may be confounded by fluctuating animal
populations, changes in traffic volume, the time of travel, and changes in the landscape that may
influence animal movement patterns to and from the road. Comparisons in space may be
influenced by differences in the landscape or any other types of differences between impact and
control sites that could influence the likelihood of animal-vehicle collisions.

Recommendation 7: Keep search and reporting efforts for crashes and carcasses constant.
Monitoring the number of animal-vehicle collisions or the number of animal carcasses along a
road does not necessarily mean that every collision or carcass must be reported; but it does
require a fixed search and reporting effort. Incidental observations or inconsistent search and
reporting efforts result in data that are not suitable to investigate the most important measures of
system effectiveness: the number of animal-vehicle collisions or the number of animals killed by
vehicles.

Recommendation 8: Investigate the mechanism behind system effectiveness.

Fewer and less severe collisions can be obtained through lower vehicle speed, increased driver
alertness, or a combination of the two. To illustrate how increased driver alertness can result in
fewer and less severe collisions, consider the following calculation. Driver reaction time to an
unusual and unexpected event can be reduced from 1.5 seconds to 0.7 seconds if drivers are
warned (Green 2000). Assuming a constant vehicle speed of 55 mi/h (88 km/h) before and after
the warning signals are presented to the driver, increased driver alertness could reduce the
stopping distance of the vehicle by 68 ft (21 m). This reduction in reaction time and stopping
distance, however, has not specifically been tested with respect to the presence of large animals
in rural areas.

The awareness and alertness of the driver is likely to be influenced by the type of warning
signals presented. Currently there are no specific standards for these warning signals and signs;
and regulations and practices differ between countries and different regions within a country.
There is evidence, however, that different signs are interpreted differently by drivers. If drivers
are presented with a non-activated warning light and a standard black on yellow deer warning
sign, accompanied by a black on yellow warning text sign saying “Use extra caution when
flashing,” 92% of the respondents interpret the sign correctly, i.e., that there may still be deer on
the road despite the fact that the warning signals are not activated (Katz, et al. 2003). This
percentage is much lower when another message is used: “Animal detected when flashing”
(57.6%); and “When flashing” (62.5%).

Drivers may not increase their eye movements (scanning behavior) in response to activated
warning signs (Hammond and Wade 2004). The presence of deer or a deer decoy in the right-of-
way does seem to trigger a relatively strong reduction in vehicle speed when the flashing
warning lights are activated (Gordon, et al. 2001; Gordon and Anderson 2002; Kinley, et al.
2003; Gordon, et al. 2004). This indicates that activated warning signals may indeed cause
drivers to be more alert.
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In addition, including advisory or mandatory speed limit reductions with the warning signs may
increase the effectiveness of warning signs. Furthermore, the appropriate distance between
warning signs should be investigated. Rather than installing a warning signs at certain rigid
intervals (e.g., 2 mi), it appears that drivers should not be allowed to pass a warning sign before
they can see and interpret the next warning sign. Since these warning signs are dynamic, they do
not have to show any information (e.g., an unlit LED panel) unless an animal has been detected,
thus preventing overexposing drivers to warning signs. These types of research questions can be
best addressed using a driving simulator (see e.g., Hammond and Wade 2004). In this controlled
setting humans can be exposed to a virtual road environment with different warning signs and
different types of wildlife observations (e.g., allowing for longer or shorter reaction times before
the (virtual) vehicle would hit the (virtual) animal). Driving simulators also allow for detailed
measurements of driver response (e.g., reaction time, eye movements, braking, stopping distance,
and speed on impact).

Recommendation 9: Investigate system reliability along the roadside.

More intensive investigation of the reliability of an animal detection system along a roadside
environment can include using sand beds, snow, or infrared cameras for the tracking of animal
movements in the detection zones of the system, along with incidental observations by personnel
or the general public of animal movements. Such data on animal movements may be combined
with detection data that may be saved by a system, including a date and time stamp and the
detection zone in which the observation occurred. (See Huijser, et al. 2006 for a more detailed
description of these methods.)

Recommendation 10: Investigate the effect of the system and activated signs on speed on-site.

It is advisable to measure vehicle speed before and after an animal detection system is installed,
both in the road section with the system and at control sites. Data should also be collected within
the animal detection area both with and without activated warning signs. Depending on the type
of traffic counters used, one may be able to follow individual vehicles as they approach, travel
through, and leave the road section with the animal detection system. Ideally, road and weather
conditions should also be recorded, as driver response may be dependent on them as well.

Small differences in speed are harder to reliably measure than large differences in speed. Speed
differences smaller than 3 mi/h (5 km/h) can require a sample size of many hundreds of vehicles
per treatment. Speed differences greater than 3 mi/h (5 km/h) can be reliably measured with
much smaller sample sizes.

Another consideration in sample size is distinguishing between different types of vehicles. For
example, drivers of semi-trucks may respond differently to activated warning signs than drivers
of smaller vehicles, e.g., a passenger car or a motorcycle. Differentiating among multiple vehicle
types necessitates a larger sample size.

Yet another consideration is that vehicles that travel close together (in a platoon) do not have
speeds that are independent from each other. To minimize such dependence in the data, the
authors recommend only including the speed of the lead vehicle in the data analyses and
applying a minimum gap between vehicles (e.g., 10 seconds) before using the speed of the next
vehicle.
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The question that is likely to be of most interest is whether drivers reduce the speed of their
vehicles in response to the activated warning signs, and by how much. The most straightforward
design of such a study would consist of comparing vehicle speeds with the warning signs off
versus warning signs on. If an animal detection system is operating reliably, the warning signs
may not be on very often, and perhaps mostly under certain conditions (e.g., dawn or dusk).
Therefore the authors recommend having the option to manually “force” the warning signs on
during certain times. The authors do not recommend forcing the warning signs off though.
Instead the authors recommend screening the detection log of the system for time periods when
the warning signs were off. This way the animal detection systems are never switched off, and
the study design does not expose travelers to potential false negatives.

Re