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Abstract:  

Corridor Q, as part of the Appalachian Development Highway System, is a 14-mile-long addition to US-460 in 

Buchanan County, Virginia that is currently under construction. The diverse large- and medium-sized wildlife in this area 

present risks for drivers, requiring an exploration of the different animal-vehicle crash (AVC) mitigation technologies available 

to state departments of transportation (DOTs). In addition to the wildlife  typically found in the area, which already poses a threat 

to drivers (and vice versa), a local herd of elk was reintroduced to this area between 2012 and 2014 and are often seen along this 

new roadway. Elk pose additional dangers due to their large body size, herding behavior, and many other unique qualities that 

set them apart from other similar local species, like white-tailed deer. Elk primarily feed on low-growing vegetation such as the 

grasses typically used during construction to prevent roadside erosion. Soon after construction began, the elk were observed 

feeding on the grass along Corridor Q and tended to remain in the area. GPS collar data from tagged elk near Corridor Q reflect 

this observation. AVCs involving elk are costly, averaging around $73,196 in 2020 US dollars, with more recent estimates of 

$80,771. AVC mitigation efforts along Corridor Q must consider the unique challenges elk will present to drivers upon 

completion of the roadway.  

While many different AVC mitigation techniques are in use today, this project focuses on the feasibility of utilizing 

animal detection and driver warning systems (AD/DWS) as a cost-effective measure to reduce the risk of AVCs along Corridor 

Q. AD/DWS combine animal detection (AD) with driver warning (DW) systems to effectively alert drivers of animals near the 

roadway. ADS are electronic systems that use methods such as tracking motion via camera, thermal imagery, or radar, the 

breaking of an invisible beam, or perturbation of underground sensors, with the goal of detecting the presence of an animal near 

the roadway. DWS are signage systems, connected to ADS, that give drivers advanced alerts of animal detection locations. 

In this study, the Virginia Tech Transportation Institute researched the state of AD/DWS technologies to determine the 

feasibility for their use on Corridor Q, to review products that are currently available to state DOTs as off-the-shelf solutions, 

and to identify potential locations for a pilot study site. Interviews with subject matter experts were conducted to help guide this 

research. To ensure a cost-effective approach, an analysis of the partially completed portion of the roadway, and the activity of 

the local elk population, was conducted to observe the varying characteristics that could distinguish between areas of higher 

potential risk of elk-vehicle crashes (EVCs) versus areas of lower risk. In doing so, implementation of AD/DWS can be focused 

on the areas of higher apparent risk, keeping overall costs down while maximizing the effectiveness of these systems. AD/DWS 

were considered both as standalone options and in combination with other strategies to assess which method is better. 

As this is a new roadway, typical analysis methods used for assessing AVC mitigation strategies, such as historic crash 

data and traffic volume data, could not be applied. Some elk in the area were collared with GPS tracking devices, allowing for 

an analysis of their movement around and near the roadway. Additionally, the Virginia DOT (VDOT) provided as-built data of 

the new roadway, and georeferenced footage was recorded to assist with the analysis. 

Ultimately, the roadway was classified into distinct sections where conditions were indicative of a higher risk of EVCs 

based on an analysis of the data collected for this project. Details on these sections were provided to three vendors with different 

potential AD/DWS products that VDOT could readily purchase. These vendors provided their assessments and costs of 

implementing their solutions along Corridor Q. 
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ABSTRACT 

Corridor Q, as part of the Appalachian Development Highway System, is a 14-mile-long 

addition to US-460 in Buchanan County, Virginia that is currently under construction. The 

diverse large- and medium-sized wildlife in this area present risks for drivers, requiring an 

exploration of the different animal-vehicle crash (AVC) mitigation technologies available to 

state departments of transportation (DOTs). In addition to the wildlife  typically found in the area, 

which already poses a threat to drivers (and vice versa), a local herd of elk was reintroduced to 

this area between 2012 and 2014 and are often seen along this new roadway. Elk pose additional 

dangers due to their large body size, herding behavior, and many other unique qualities that set 

them apart from other similar local species, like white-tailed deer. Elk primarily feed on low-

growing vegetation such as the grasses typically used during construction to prevent roadside 

erosion. Soon after construction began, the elk were observed feeding on the grass along 

Corridor Q and tended to remain in the area. GPS collar data from tagged elk near Corridor Q 

reflect this observation. AVCs involving elk are costly, averaging around $73,196 in 2020 US 

dollars, with more recent estimates of $80,771. AVC mitigation efforts along Corridor Q must 

consider the unique challenges elk will present to drivers upon completion of the roadway.  

While many different AVC mitigation techniques are in use today, this project focuses on 

the feasibility of utilizing animal detection and driver warning systems (AD/DWS) as a cost-

effective measure to reduce the risk of AVCs along Corridor Q. AD/DWS combine animal 

detection (AD) with driver warning (DW) systems to effectively alert drivers of animals near the 

roadway. ADS are electronic systems that use methods such as tracking motion via camera, 

thermal imagery, or radar, the breaking of an invisible beam, or perturbation of underground 

sensors, with the goal of detecting the presence of an animal near the roadway. DWS are signage 

systems, connected to ADS, that give drivers advanced alerts of animal detection locations. 

In this study, the Virginia Tech Transportation Institute researched the state of AD/DWS 

technologies to determine the feasibility for their use on Corridor Q, to review products that are 

currently available to state DOTs as off-the-shelf solutions, and to identify potential locations for 

a pilot study site. Interviews with subject matter experts were conducted to help guide this 

research. To ensure a cost-effective approach, an analysis of the partially completed portion of 

the roadway, and the activity of the local elk population, was conducted to observe the varying 

characteristics that could distinguish between areas of higher potential risk of elk-vehicle crashes 

(EVCs) versus areas of lower risk. In doing so, implementation of AD/DWS can be focused on 

the areas of higher apparent risk, keeping overall costs down while maximizing the effectiveness 

of these systems. AD/DWS were considered both as standalone options and in combination with 

other strategies to assess which method is better. 

As this is a new roadway, typical analysis methods used for assessing AVC mitigation 

strategies, such as historic crash data and traffic volume data, could not be applied. Some elk in 

the area were collared with GPS tracking devices, allowing for an analysis of their movement 

around and near the roadway. Additionally, the Virginia DOT (VDOT) provided as-built data of 

the new roadway, and georeferenced footage was recorded to assist with the analysis. 

Ultimately, the roadway was classified into distinct sections where conditions were 

indicative of a higher risk of EVCs based on an analysis of the data collected for this project. 
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Details on these sections were provided to three vendors with different potential AD/DWS 

products that VDOT could readily purchase. These vendors provided their assessments and costs 

of implementing their solutions along Corridor Q. 
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INTRODUCTION 

Animal-vehicle crashes (AVCs), defined as any adverse incident that involves a moving 

vehicle and animal (typically wildlife, but may include domestic animals) that resulted in 

damage to a vehicle, have remained a top cause of crashes among drivers in Virginia (Donaldson 

B. M., 2017; Donaldson & Elliott, 2020). Studies in the state have tested different mitigation 

techniques, with varying levels of success. One study by the Virginia Department of 

Transportation (VDOT) utilized fencing along I-64 near Charlottesville to guide wildlife to 

nearby existing underpasses and culverts, resulting in an average 92% reduction of AVCs in the 

areas where the fencing was constructed (Donaldson & Elliott, 2020). A separate study, 

conducted on the same interstate, tested the effectiveness of changeable message signs (CMSs) 

to alert drivers of deer crossings during temporal peaks of wildlife activity, leading to a 51% 

reduction in recorded carcasses removed and an average of 1.2 mph decrease in driver speed 

during periods when the CMSs displayed the deer advisory (Donaldson & Kweon, 2019). These 

studies demonstrate the potential of AVC mitigation efforts, particularly in southwest Virginia's 

mountainous and biodiverse environment. In addition, the relatively low upkeep and 

maintenance needed reflect their cost-effectiveness, as the reduction in AVCs can quickly offset 

the investment in fencing and CMSs, including required maintenance, over the lifespan of the 

equipment. 

While these efforts can effectively reduce AVCs along existing roadways, new road 

construction in rural southwest Virginia also poses transportation management and wildlife 

preservation challenges. Corridor Q, a 14-mile-long addition to US-460 in Buchanan County, 

Virginia, as part of the Appalachian Development Highway System, aims to improve travel with 

faster speeds and reduced travel distance. However, its location in a rural area with diverse 

wildlife presents risks for drivers and danger to wildlife. Implementing effective AVC mitigation 

efforts before the road's completion can improve driver safety. 

While many different AVC mitigation techniques are in use today, this project focuses on 

the feasibility of utilizing animal detection and driver warning systems (AD/DWS) as a cost-

effective measure to reduce the risk of AVCs along Corridor Q. AD/DWS combine animal 

detection (AD) with driver warning (DW) systems to effectively alert drivers of animals near the 

roadway. ADS are electronic systems that use methods such as tracking motion via camera, 

thermal imagery, or radar, the breaking of an invisible beam, or perturbation of underground 

sensors, with the goal of detecting the presence of an animal near the roadway. DWS are signage 

systems, connected to ADS, that give drivers advanced alerts of animal detection locations. 

In this study, Virginia Tech Transportation Institute (VTTI) researchers investigated the 

state of AD/DWS technologies to determine the feasibility for their use on Corridor Q, and to 

review products that are currently available to state DOTs as off-the-shelf solutions. Interviews 

with subject-matter experts (SMEs) were conducted to help guide this research. To ensure a cost-

effective approach, an analysis of the partially completed portion of the roadway was conducted 

to observe the varying characteristics that could distinguish between areas of higher potential 

risk of EVCs versus areas of lower risk. In doing so, implementation of AD/DWS can be focused 

on the areas of higher apparent risk, keeping overall costs down while maximizing the 

effectiveness of these systems. Researchers studied various methods of AD/DWS 
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implementation and the feasibility of their useðoptions included using AD/DWS as a standalone 

option or in combination with other mitigation strategies like fencing, using variable speed limit 

signs, installing crossing structures where appropriate, and using electrified mats and fencing to 

create designated, at-grade crosswalks. These strategies were considered in terms of their 

potential application along this roadway, as the characteristics of Corridor Q and local wildlife 

may make some strategies better suited than others. Additionally, an emphasis was placed on the 

cost effectiveness of each of these mitigation strategies, and the recommendations in this report 

reflect this emphasis. 

Typical wildlife in the Appalachian region of Virginia already pose a threat to drivers 

(and vice versa). Adding to this hazard, a small herd of 75 elk was reintroduced to this area 

between 2012 and 2014 (Virginia Department of Wildlife Resources, 2023), which has since 

grown substantially in size (recent estimates report over 250 elk), and geographic habitat range. 

Elk pose additional challenges due to their herding behavior (i.e., their tendency to group and 

move as a unit); their size, which is between three and five times that of an average deer 

(Sawyer, Merkle, Middleton, Dwinnell, & Monteith, 2018; World Deer, 2023); and many other 

unique qualities that set them apart from other similar local species, like white-tailed deer. Elk 

can take an average of 15 seconds to cross a highway and they may stand on the roadway for 

several minutes (Huijser, Fairbank, & Abra, 2017). Elk primarily feed on grasses and low-

growing non-woody, non-grass plants called forbs. While much of Buchanan County is forested, 

the county also contains large areas that are blanketed by these low-growing grasses and forbs 

that grow on reclaimed surface mines, utility rights-of-way, economic development sites, and 

roadsides. The availability of this food source has enabled the elk herd to grow and thrive. Soon 

after construction began, the elk were observed feeding on the grass that was planted alongside 

the new roadway to reduce erosion (Virginia Mercury, 2022), and the herd seemed to stay in the 

area. While eastern elk populations tend to move over smaller areas, versus western populations 

with larger migration habits, the unique daily and seasonal movement patterns and herding 

behavior observed in the local population near Corridor Q are concerning for motorists. AVCs 

involving elk are costly, averaging around $73,196 in 2020 (Ament, Huijser, & May, 2022), with 

more recent estimates of $80,771 (Donaldson, Hillard, Rosenberger, & Callahan, 2023), and 

cause significant property damage. Mitigation efforts along Corridor Q must consider the 

challenges elk will present to drivers upon completion of the roadway.  

PURPOSE AND SCOPE 

The primary objectives of this research project were to: 

1. Explore the current state of AD/DWS and identify the most appropriate system(s) for a 

potential pilot on the 10.5-mile portion of the 14-mile section of Corridor Q that was 

analyzed in this study. 

2. Determine how to best implement AD/DWS technology either: 

a. independently of other AVC mitigation methods (i.e., wildlife crossing structures 

and fencing) or 



3 

 

b. in combination with other mitigation methods such as fencing and constructed 

crossings (pending available funding), such as those explored in the VTRC study 

(see next section) to achieve enhanced overall system effectiveness. 

VTRC Report 24-R8, Evaluation of Wildlife Crossings for Corridor Q  

While completing this report, VTTI collaborated with the authors of a related report 

completed under the Virginia Transportation Research Council (VTRC) that focused on the 

evaluation of wildlife crossings as a mitigation strategy along Corridor Q (Donaldson, Hillard, 

Rosenberger, & Callahan, 2023), whereas this report studies the implementation and 

effectiveness of AD/DWS. The VTRC report was published in September 2023, and provides its 

own analysis of the roadway, the local elk population, and conclusions and recommendations, 

specifically on the evaluation and implementation of wildlife crossings. While VTTI worked 

closely with the primary author of the VTRC report throughout the process, the analysis and 

conclusions in this report were found independently from the VTRC report in order to provide a 

separate evaluation of the same roadway and challenges posed by wildlife, and more specifically, 

the local elk herd. Despite the difference in analysis methods performed by each study, the areas 

of higher EVC risk indicated within this report reflect a consistency with the findings of the 

VTRC report. Any other notable similarities and/or differences with the VTRC report are 

mentioned in this report. 

One of the intents of providing these two studies as separate, standalone reports is to give 

different suggestions of mitigation methods for the same roadway. This allows for the 

comparison of these mitigation methods to better understand their benefits and challenges, and 

help determine whether one or a combination of the methods would be more beneficial for 

Corridor Q. 

METHODS 

Overview of Approach 

The following is a summary of the main tasks carried out to accomplish the research objectives: 

¶ Conducted a literature review to identify the current state of AD/DWS, and explored their 

potential applications for Corridor Q. 

¶ Collected data on the status of Corridor Q, including proposed and as-built data, GPS 

collar data from elk, and georeferenced footage to produce a comprehensive map and 

conduct an analysis of the corridorôs features. The study area was defined as the 14-mile-

long section of US 460 between the Kentucky state line and the Town of Grundy, with 

focus placed on the 10.5-mile portion of roadway that was accessible during the 

collection of the georeferenced video footage (see Figure 1 and Figure 2). 

¶ Developed a comprehensive document on Corridor Q, dividing it into 16 segments of 

roadway where the apparent risk of EVCs was higher than other sections, by utilizing the 

previously collected data. To assess the suitability of each segment for AD/DWS, factors 
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such as density of elk collar data near the roadway, elk crossing density, and roadway 

characteristics were evaluated. 

¶ Reached out to experts in the field, consultants, and potential vendors, providing them 

with comprehensive information about Corridor Q. This facilitated the collection of 

information on available technology, expenses, and factors to consider during the 

implementation of AD/DWS. 

Data Compiling and Collection 

During early discussions with VDOT and authors of the VTRC report, VTTI was 

informed about the activity of the local elk population near the roadway. In these discussions, it 

was noted that while the elk were introduced in an area south of the study area, the elk had 

slowly moved northward and stayed near the Corridor Q roadway. It was explained in one 

discussion that the elk seemed to not only be active near the entire length of the roadway, but it 

appeared they might also be utilizing the roadway itself as a method to travel from one location 

in the area to another more easily. To understand the nature of the elk and their interaction with 

the roadway, this report discusses the analysis that VTTI researchers conducted. However, the 

VTRC report provides its own analysis and conclusions, supplying a robust study of the 

geography and surrounding areas of Corridor Q to help explain why the elk prefer this area. 

Based on several different factors, including the geography, local vegetation, and habitat use, 

Corridor Q provides an optimal habitat for elk. For more information on this analysis, refer to the 

VTRC reportôs sections on elk habitat selection and suitability of Corridor Q (Donaldson, 

Hillard, Rosenberger, & Callahan, 2023). 

While a large-scale approach, such as monitoring the entire roadway with ADS, could be 

taken, methods could also be used to find the areas along the roadway where more elk activity 

may be occurring. This would make it possible to target areas where ADS could be focused to 

reduce the overall cost of such a project. The process of data retrieval, collection, and analysis 

centered on finding the best methods available to determine whether specific areas of the 

roadway tend to have more elk activity than others.  

Because Corridor Q is a new roadway, where only certain portions have been opened to 

traffic, publicly available data is difficult to source, much less utilize for an analysis of the 

roadway. During the analysis, only the westernmost portion, where Corridor Q intersects with 

State Route 693, was publicly accessible. While completing this report, the next portion opened 

to traffic in the fall of 2023, which now extends to the intersection of State Route 744 (see Figure 

1). As this roadway does not yet provide traffic-related data such as historic crashes or traffic 

volume, the conventional methods of analysis typically used on a roadway with otherwise similar 

challenges could not be performed. Accordingly, the data collection process required seeking any 

other relevant data, from both Virginia Department of Wildlife Resources (DWR) and VDOT 

sources, as well as by VTTI researchers visiting and gathering data onsite. While Corridor Q 

contains 14 miles of roadway, between the state border with Kentucky and the town of Grundy, 

the area analyzed consisted of a roughly 10.5-mile-long portion, as shown in Figure 2. 
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Figure 1. Overview of Corridor Q Study Area 

As-built data 

VTTI received relevant Corridor Q data from VDOT in a compressed KMZ format, 

compiled by AECOM, an infrastructure consulting firm. Within this compressed KMZ file, 

various KML (a version of XML notation) files provided detailed map layers on the construction 

of the roadway, containing existing, proposed, and as-built data. Among the data, notable layers 

include proposed and existing elevation contours, roadway characteristics such as the centerline, 

number of road lanes, pavement/shoulder width, and the presence of guardrails, DOT right-of-

way boundaries, fencing, and power/utilities (AECOM, n.d.). 

Elk GPS Collar Data 

VTTI received data from the Virginia DWR containing GPS collar tracking data from 15 

unique female elk, with a fix rate of 4 to 6 hours, and a date range from January 2019 through 

December 2022. In a discussion with DWR, it was explained that only female elk were collared 

during the tagging campaigns, as a representation indicative of the herdôs geographic range and 

movements therein. However, DWR explained that the geographic extent may be larger than the 

data shows, as male elk, especially older individuals, tend to travel further away from the typical 

geographic range of the female elk in the herd. In addition to GPS coordinates, date, and time, 

the datasets contained horizontal dilution of precision (HDOP) data, which provides a relative 

accuracy rating of the coordinates. 

As part of the data use agreement with the Virginia DWR, no individual collar data points 

will be shown in this report, nor any data layer that may lead to providing the specific locations 

of these data points. The analysis layers, including point density analyses, will be shown, as they 

do not indicate exact locations or movement of the tagged elk within the herd.  
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Georeferenced Video 

To aid data analysis and visually assess the road conditions, VTTI conducted a site visit 

to Corridor Q on July 18, 2023. Using a windshield-mounted camera that collected real-time 

GPS location, elevation, and other telemetric data, video footage was recorded by travelling 

along the roadway with the camera secured and facing forward in a vehicle operated by VDOT 

personnel. Footage began at the westernmost section where the borders of Kentucky and Virginia 

meet, continued to the farthest eastern section of roadway that was accessible by the passenger 

vehicle driven for this recording, and returned to the western side, where the roadway intersects 

with Route 693 (see Figure 2). A total of 10.5 miles of roadway was recorded, which informed 

the portion of roadway that was ultimately analyzed in this study. 

While analyzing the elk activity, the research team found that collar data points reflected 

extremely low to no activity along the remaining eastern portion of the roadway. As such, that 

area was not analyzed in this report. Once the remaining portion of Corridor Q is completed, the 

elk activity in this area may change as a result of the roadway and surrounding landscape 

changing, in addition to the roadway becoming open to drivers. 

 

 

Figure 2. A map indicating the portion of Corridor Q recorded while collecting georeferenced video footage.  

Subject Matter Experts and Vendors Methodology 

To identify SMEs and vendors to interview for our research on AD/DWS on roadways, a 

literature review was conducted to find key academic articles, reports, and industry publications 

related to the subject matter. Personalized messages were sent to various authors of the relevant 

literature found, expressing interest in their work, and requesting an interview to gain insights 

into the topic. Unstructured interviews were conducted to collect data from SMEs and vendors of 

AD/DWS. All interviews focused on AD/DWS relative to Corridor Q and were conducted over 
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Zoom. Before each interview started, researchers explained the purpose of the interview, that the 

primary focus was on readily available AD/DWS, and the unique challenges present within 

Corridor Q. By combining these approaches, connections were established with SMEs and 

vendors, which provided valuable insights into the advancements, challenges, and future 

directions of AD/DWS on roadways. 

RESULTS AND DISCUSSION 

Literature Review ï ADS and DWS Technology and Other Mitigation Efforts  

AD/DWS are one of numerous methods that have been developed to mitigate AVCs, 

especially those related to large wild mammals. ADS detect animals nearing the road and, when 

combined with DWS, alert drivers to take precautionary measures like reducing speed and 

staying vigilant, thus reducing the risk of AVCs. In a review of the literature, VTTI researchers 

compiled information on the different forms of AD and DW systems, and how they are used in 

combination along with other possible methods of mitigation for maximum effect. VTTI 

submitted a draft report of the literature and technologies reviewed in this project to VDOT on 

June 12, 2023, and a discussion was held on how the information learned in this review would 

inform the completion of the remaining project tasks.  

Animal Detection Systems 

ADS use electronic sensors to detect large animals approaching the roadway and then 

warn approaching motorists. Most ADS use above ground/area cover sensors such as thermal 

infrared, microwave, or radio waves; break-the-beam sensors such as active infrared or radio 

wave beams; or in-ground sensors such as buried electromagnetic cables or seismic sensors. 

These systems activate upon detecting a disturbance in the signal caused by an animal. Once 

verified through software post-processing, the system sends a signal to a connected DWS to 

trigger a warning, such as flashing lights or a light-up message sign, to alert drivers. This can 

result in reduced speeds and increased stopping distances, thereby lowering the risk of AVCs 

(Smith, Noss, & Grace, 2015; Mukherjee, Sullivan, Sinha, Liu, & Brake, 2015; Huijser, 

McGowan, Clevenger, & Ament, 2008; Grace, Smith, & Noss, 2017; Druta & Alden, 2020; 

Gordon & Anderson, 2001). Monitoring studies reveal that, depending on various factors and 

combinations with other methods of mitigation, these systems can reduce wildlife crashes by 

over 90% in some areas (Ament, Huijser, & May, 2022; Gagnon, et al., 2018). For a 

comprehensive list of the literature on ADS, see ñIntelligent Systems Using Sensors and/or 

Machine Learning to Mitigate WildlifeïVehicle Collisions: A Review, Challenges, and New 

Perspectivesò in the journal Sensors (Nandutu, Atemkeng, & Okouma, 2022). 

The following sections detail the different types of ADS and their potential applications if 

considered for implementation on Corridor Q. 

Break-the-beam 

Break-the-beam sensors, placed across a pathway, detect animals when they cross, or 

ñbreak,ò the signal beam (Huijser, et al., 2009). These sensors require a clear line of sight, which 

might be challenging in Corridor Q due to the local topography, road curvature, and vegetation 



8 

 

near the roadway. Placing sensors closer to the road can assist with issues caused by vegetation, 

but can also lead to shorter detection times, causing animals to be closer to the pavement by the 

time drivers are alerted (Huijser, Fairbank, & Abra, 2017). If the road curvature is too high, more 

systems would be needed to ensure full coverage, increasing the price of this type of system. 

False positives may also occur when vehicles or strong winds cause false detections, which may 

affect the publicôs perception of ADS as a useful mitigation measure (Sharafsaleh, et al., 2012; 

Huijser, et al., 2009).  

In-ground Sensors  

In-ground sensors, such as those used in a buried cable animal detection system 

(BCADS), are installed underground to detect wildlife ground movement. When an animal walks 

near or crosses over the cableôs location, a change in the electromagnetic field is detected, which 

then activates a nearby warning sign to alert motorists (Gray, 2009). A BCADS is primarily used 

to monitor larger animals such as deer, elk, or moose (Huijser, Haas, & Crooks, 2012), as the 

system may have difficulty detecting smaller animals, especially during snowy conditions that 

weaken the signal. A study by Druta and Alden (2019) found BCADS to be effective, with a 

nearly 99% reliability rate in positive detections and driver warnings about large animals, such as 

deer. These systems are capable of functioning in areas with heavy snowfall, and at least 80% of 

drivers decreased their speed during times when the warning sign was activated. The study 

estimated that an 800-m BCADS costs approximately $125 per m, or roughly $100,000 for the 

entire system, but installation of this system could save approximately $1.3 million over the 

service life of the cable sensor (assuming 15 years) if vehicle crashes involving deer were 

reduced by 50%, which in the case of this study would be 10 per year.  

While these systems have been proven to function properly under recommended 

conditions, implementation of a BCADS can require a much more in-depth analysis of roadway 

conditions than an above-ground solution to determine their suitability for a particular area. For 

instance, the state of the soil or presence of air pockets or large rocks can affect system 

functionality, though these types of issues can be accounted for during the installation process, 

thus reducing the potential of false positives and false negatives. Coloradoôs DOT completed a 

study of the effectiveness of this type of sensor for animal detection (Huijser, Haas, & Crooks, 

2012), and while the results were inconclusive, local drivers had a negative perception of its use 

as a mitigation technique due to the level of perceived false positive and false negatives from 

poor system implementation (DH News, 2017; DH News, 2010). It is important to note that in all 

of these published reports, a BCADS was used as a stand-alone measure and did not incorporate 

other mitigation techniques. 

Above Ground/Area Cover Sensors 

As their name suggests, above ground/area cover sensors are positioned above ground 

and provide a cone-shaped coverage area, surpassing the coverage area of break-the-beam 

sensors, as they only detect within a thin, straight line. In this mitigation strategy, infrared and/or 

radar sensors are used to detect heat and/or motion within their coverage area (Nandutu, 

Atemkeng, & Okouma, 2022). These sensors are generally useful for both small and large 

animals but become less sensitive with high winds (Huijser, et al., 2009). Studies have shown 
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that when coupled with machine learning algorithms, these sensors can detect wildlife with over 

90% accuracy (Munian, Martinez-Molina, Miserlis, Hernandez, & Alamaniotis, 2022; Chen, et 

al., 2019; Antônio, Da Silva, Miani, & Souza, 2019). 

Area cover strategies could work on Corridor Q, but likely will not be as effective in 

areas with line-of-sight issues, such as closed-off sections or sporadic, small openings along a 

portion of roadway. However, in areas of high line-of-sight visibility, these types of sensors may 

be useful and more cost effective than any other solution, as few sensors would need to be 

installed to cover these areas of high visibility. However, fog, rain, snow, wind, and other 

weather-related factors prevalent in the area of Corridor Q are a concern for the efficiency of 

these systems.  

Summary of ADS 

While properly implemented ADS have demonstrated the potential to reduce AVCs 

involving large mammals, efficacy rates are reported at between 33% and 97%, which is quite a 

wide range. Many reports stress that ADS as a mitigation strategy are still considered 

experimental, due to the potential issues with the technology (Huijser, et al., 2021; Huijser, 

McGowan, Clevenger, & Ament, 2008; Munian, Martinez-Molina, Miserlis, Hernandez, & 

Alamaniotis, 2022; Smith, Noss, & Grace, 2015). While ADS can reliably detect large animals 

such as elk, the technology varies and may have a harder time picking up small- to medium-sized 

animals (Huijser, et al., 2021; Huijser, et al., 2009; Huijser, Camel, & Hardy, 2005). Among the 

various ADS, a few stand out as possible choices for Corridor Q. More information on these 

different ADS types are detailed in Table 1. BCADS present a promising option, with successful 

testing of similar systems along similar roadways (Druta & Alden, 2015; Druta & Alden, 2019; 

Druta & Alden, 2020) and the ability to overcome the challenges that visual-based ADS may 

have in the rural, forested area of southwest Virginia. However, there could be difficulties in 

implementing BCADS within a substrate not suitable for proper detection. The level of testing 

and real-world use of above ground, area-cover solutions should not be discounted, and these 

types of solutions may have a higher cost-benefit than any other solution in areas that are better 

suited, such as large, open areas. Due to the characteristics of Corridor Q, break-the-beam 

solutions would be challenging to properly implement as a cost-effective measure, and thus were 

not considered further after the conclusion of the literature review. 
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Table 1. Description of the Various ADS Technologies and Their Advantages and Disadvantages 

ADS Type Description Accuracy Advantages Disadvantages 

Above-

Ground 

Area-

Cover 

Passive 

Infrared / 

Thermal 

¶ Detection occurs when 

an emitting heat source 

crosses two adjacent 

sector boundaries or 

crosses the same 

boundary twice within 

a specified time. (1,2) 

¶ Systems detected 

between 85.3%ï

98.85% of 

intrusions. (1) 

¶ Signs activated 

96% of the time for 

elk and 98% of the 

time for deer 

following the 

presence of animals 

in the detection 

zone. (3) 

¶ Potentially useful 

for detecting 

nocturnal animals 

and animals that 

cross the road at 

night. (4)  

¶ Increase in false negatives during high 

winds. (1) 

¶ Limited range. (5) 

Radar ¶ Transmits and receives 

microwave radiation. 

¶ Detects whether the 

strength of the 

reflected signal is 

weaker than the one 

initially sent. 

¶ At least 75.62% of 

detections were 

correct. (6)  

¶ Uses fewer 

sensors/poles to 

cover roadway than 

infrared. (6,7) 

¶ Height of radar 

location may reduce 

risk of theft, 

vandalism, or 

accidental damage. 
(6)  

¶ Can have delayed detection. (6)  

¶ Pedestrians and turning vehicles may 

be detected instead of large animals. 
(6)  

¶ There may be a blind spot under the 

radar that will need additional sensors. 
(7)  



11 

 

ADS Type Description Accuracy Advantages Disadvantages 

Break-the-Beam ¶ Consists of a 

transmitter placed 

across a pathway that 

detects animals when 

they ñbreakò the signal 

beam. (2, 8) 

¶ Requires a clear line of 

sight. (8) 

¶ Systems detected 

between 72.4% and 

100% of all 

intrusions in the 

detection area. (2)  

¶ Simple method of 

detection, little 

processing needed to 

ensure accuracy of 

the system. 

¶ Difficult to cover long distances, 

requires multiple sensors, more 

expensive and requires additional 

maintenance. (7)  

¶ If placed closer to the road, results in 

less time for drivers to react. (6)  

¶ Requires more hardware resources on 

curves, slopes, and vegetation 

landscapes. (8) 

¶ May result in false positives when 

vehicle or strong winds are detected. 
(2,9) 

In-ground (BCADS) ¶ Generates an invisible 

electromagnetic 

detection field around 

the buried cables. (8) 

¶ Adjustable threshold 

¶ Detects large- and 

medium-sized animals 

crossing over the cable, 

provides data on their 

location along the 

length of the cable. (8)  

¶ BCADS can detect 

with > 98% 

confidence large 

animals if properly 

installed and 

calibrated. (10) 

¶ Perimitrax® system 

detected 99.54% of 

intrusions in the 

detection area. (5)  

¶ No/very low false 

positives and false 

negatives. (5,10) 

¶ Can detect large and 

possibly smaller 

animals with over 

95% reliability. (5,10) 

¶ Does not require 

line-of-sight.  

¶ Capable of 

functioning in areas 

with heavy snowfall. 
(10)  

¶ False detections are still possible. (5,10) 

¶ Primarily used to detect large animals 

and may have difficulty picking up 

smaller animals. (5)  

¶ Challenges with installation in soil 

with air pockets or large rocks. 

Note. Information retrieved from (Nandutu, Atemkeng, & Okouma, 2022)1, (Huijser, et al., 2009)2,3, (Munian, Martinez-Molina, Miserlis, Hernandez, & 

Alamaniotis, 2022)4, (Huijser, Haas, & Crooks, 2012)5, (Huijser, Fairbank, & Abra, 2017) 6, (Mukherjee, Stolpner, X., Vrenozaj, & Fei C., 2013)7, 

(Gray, 2009)8, (Sharafsaleh, et al., 2012)9, (Druta & Alden, 2019)10
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Driver Warning Systems 

In most cases of ADS deployment, systems are combined with DWS. Alternative 

methods can also be used to warn drivers without the need for ADS, however. Each level of 

DWS usage has advantages and disadvantages. In this section, the different DWS options 

available and the level of confidence in their ability to mitigate AVCs are discussed.  

Warning Signs: Standard, Enhanced, and Temporal 

Static, or standard, animal warning signs are commonly used in areas with concerns 

about large mammal AVCs. They resemble regular traffic signs, featuring common wildlife 

images, and are inexpensive.  

Enhanced wildlife warning signs, with features like flashing lights and vivid illustrations, 

are more effective in high AVC zones, although they are more costly. While they can raise 

awareness, some drivers may see them as sufficient and not support costlier mitigation efforts 

(Huijser, et al., 2021). Research shows varying effectiveness in different settings, and the signs 

may become less effective over time due to driver habituation if drivers see the same sign or 

flashing lights over repeated travel time through the area. Nonetheless, they can still help reduce 

liability concerns. 

Temporal signs are like enhanced warnings but are only active at specific times, with the 

aim of combatting habituation and raising awareness during peak wildlife crossing times. The 

data is difficult to quantify, as studies on the signsô effectiveness have varied (Huijser, et al., 

2021; Donaldson & Kweon, 2019). Temporal signs work best when aligned with specific 

wildlife migration corridors and may be less effective in larger areas due to potential sign 

oversaturation, which can lead to reduced driver attention (Huijser, et al., 2021). 

Warning Signs Activated by Roadside ADS 

Warning signs can be connected to ADS to alert drivers to animals before the animals reach the 

roadway (Dodd, Gagnon, & Schweinsburg, 2009; Nowakowski, Sharafsaleh, & Huijser, 2013). 

Signs that are used as part of an ADS have a much more effective rate of reducing AVCs than 

standard, enhanced, and temporal warning signs, with a reduction in AVCs of 33% to 97% 

(Huijser, Mosler-Berger, Olsson, & Strein, 2015). The most significant decreases in vehicle 

speed happen when signs are connected to mandatory or advisory speed limits, or when road 

conditions and visibility are poor (Huijser, et al., 2021). There is a liability  concern if a wildlife 

detection system fails or if sudden braking due to a warning sign results in a rear-end collision 

(Huijser, et al., 2021; Gagnon, et al., 2018). However, compared to static, enhanced, or temporal 

signs, this type of DWS minimizes habituation to the systems, resulting in a higher rate of 

intended driver response to these signs (Huijser, Mosler-Berger, Olsson, & Strein, 2015; Huijser, 

et al., 2021). 

Variable Speed Limit Signs 

Variable speed limit (VSL) signs are legally enforceable and use sensors to adjust speed 

limits based on roadway conditions and hazards, such as visibility, crashes, congestion, or 

construction. VSLs were recently introduced on I-95 in Virginia, with prior use on roads like I-

77 and the Hampton Roads and Monitor Merrimac Memorial Bridge-Tunnels (Virginia 
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Department of Transportation, 2023; WSET, 2022). There is potential to use these signs in 

tandem with ADS to warn drivers of wildlife crossing and provide a legally enforceable measure 

to alter driver behavior. This can also be helpful for maintaining better mobility along the 

roadway during times when wildlife is not crossing and to encourage a lower risk of AVCs 

during times when wildlife is crossing. 

VSL signs can enhance traffic safety, but setting speed limits too far below the highwayôs 

design speed can lead to speed dispersion, potentially increasing crash risks. The literature 

suggests that effective AVC risk reduction may require limiting speeds to 35ï40 mph, but this 

might not be suitable for high-speed corridors like Corridor Q (Huijser, Mosler-Berger, Olsson, 

& Strein, 2015; Huijser, Fairbank, & Abra, 2017).  It should be noted that this strategy was 

considered in relation to permanently reducing the roadôs speed limit, rather than using a VSL 

sign.  

In-Vehicle Alert Systems 

Connected vehicle technologies provide an opportunity for alerting drivers to AVC-

related risk via in-vehicle interfaces. Presently, these capabilities are available via smartphone 

applications that either provide crowdsourced roadway information, including animal sightings 

(Donaldson B. M., 2017), or that communicate with infrastructure-based AD/DWS (Druta & 

Alden, 2020). These applications require that drivers have a capable smartphone, have 

downloaded and are actively using the app, and that either other drivers have provided 

information in a crowdsourced app, or that the AD/DWS communicate directly or indirectly with 

vehicle systems or smartphones. For the purposes of this study, these options were not 

considered further due to their lack of current widespread availability. 

Effectiveness of DWS 

Quantifying the effectiveness of DWS is challenging. The goals of a reliable DWS are 

reflected in Figure 3. The common metric in the literature measures changes in vehicle speed 

when these signs are active. Post-analysis of past crash data or carcass removal can also be used 

to evaluate system effectiveness, but these values vary widely, making it hard to predict driver 

reactions on new roads. Moreover, a DWS is often combined with other mitigation strategies, 

making it difficult to isolate its specific impact in the results. 
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Figure 3. Driver response components dependent on reliable warning signals. Reprinted from The 

Comparison of Animal Detection Systems in a Test-Bed: A Quantitative Comparison of System Reliability 

and Experiences with Operation and Maintenance ï Final Report, by M. P. Huijser et al., 2009. Copyright 

2009 by the Western Transportation Institute. Reprinted with permission. 

          Roadway Barriers 

Roadway barriers, such as wildlife fencing, are used to separate drivers from potential 

hazards like wildlife . They can be combined with AD/DWS to guide wildlife to safe crossing 

areas and alert drivers of their presence (Gagnon, et al., 2018; Dodd, Gagnon, & Schweinsburg, 

2009).  Fencing is commonly used around highways to prevent animals from entering the road 

and causing accidents (Aresco, 2005; Donaldson B. M., 2005; Dodd, Gagnon, & Schweinsburg, 

2009). However, fencing alone can negatively impact wildlife by blocking migration routes and 

fragmenting habitats, which is known as the ñbarrier effect.ò To mitigate these effects, wildlife 

structures, such as dedicated overpasses, dedicated or pre-existing underpasses, culverts, or 

breaks in the fencing (i.e., jump-outs) can be used in combination with wildlife fencing 

(Bouchard, Ford, Eigenbrod, & Fahrig, 2009; Jaeger & Fahrig, 2004; Andrews & Gibbons, 2005; 

Rees, Roe, & Georges, 2009; Hedlund, Curtis, Curtis, & Williams, 2004; Bhardwaj, et al., 2022). 

The benefits of properly implementing wildlife fencing would exceed the associated costs in less 

than 5 years through reduction of AVCs (Gagnon, et al., 2015; Donaldson B. M., 2005; Gagnon, 

et al., 2018; Dodd, Gagnon, & Schweinsburg, 2009). It is important to involve wildlife experts in 

the design and implementation process to minimize negative impacts. 

Regular maintenance is also crucial to prevent increased wildlife activity and the risk of 

accidents (Reses & Wood, 2015; Bhardwaj, et al., 2022). In addition, it is important to ensure 
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that the wildlife crossing structures that the fencing is directing wildlife towards are adequately 

sized to allow animals to use them effectively, otherwise the barrier effect is further exacerbated. 

This is particularly true for elk, which have a lower tolerance for smaller structures than white-

tailed deer (Gagnon, et al., 2015). If the structures are too small, animals may resort to fence 

jumping or refuse to use underpasses. In cases where the motivations for crossing the road 

outweigh the deterrent of the fence, it is recommended to use a 2.4-m woven wire to connect 

wildlife crossing structures (Gagnon, et al., 2015; Clevenger & Waltho, 2000; Gagnon, et al., 

2018). While it is not the focus of this report, more information on the evaluation and 

implementation of wildlife crossings along Corridor Q can be found in the VTRC report 

discussed in the ñPurpose and Scopeò section of this report (Donaldson, Hillard, Rosenberger, & 

Callahan, 2023). 

Electrified fencing and in-ground mats are another option to restrict the movement of 

animals and guide them in the intended direction. In most cases, vehicles are not impacted by in-

ground electrification due to the insulating effect of tires, and humans can be provided with a 

crosswalk button, like ones used in typical urban crosswalks, to temporarily deactivate the 

electrified mats and allow for safe passage (Gray, 2009). However, use of these electrified mats 

can require alterations to the roadway and can cause issues when maintenance crews are 

preparing for winter weather events or plowing existing snow on the roadway. Additionally, they 

have been shown to be a danger to smaller animals, with some studies finding dead wildlife on or 

near the electrified barriers (Huijser & Getty, 2022). 

A notable project in Preacher Canyon, Arizona, effectively reduced elk-vehicle collisions 

by 97% using fencing and AD/DWS at an at-grade crosswalk. Only three total elk collisions 

occurred along the fenced area in the 9 years following the at-grade crosswalk installation. An 

electrified mat was also used guide wildlife and reduce collisions (Gagnon, et al., 2018). The 

implementation of this system relied on modifying both animal and human behavior instead of 

just one or the other. By using this method, wildlife was still able to freely travel within their 

habitat range, and simultaneously motorists were warned of animals crossing in these locations.  

However, the differences in characteristics and behavior of elk in southwest Virginia may 

pose challenges for similar implementation. In the west, the herds are much larger and typically 

cross the roadway to arrive at another location within their habitat range. For the elk near 

Corridor Q, most of the area surrounding the roadway is their habitat. As there are concerns that 

these elk are using the roadway itself as a path of travel, it could be possible that elk do not cross 

an at-grade crosswalk, and instead may enter the crosswalk, then turn and walk parallel to the 

road, getting stuck in between the roadway and fence, leading to a potential increase of EVC 

risk. The use of jump-outs (i.e., escape ramps) would be a requirement to ensure trapped animals 

can exit the roadway safely. Additionally, use of electrified mats or concrete to inhibit this 

parallel movement could be difficult for this area; unlike the location in Arizona, routine winter 

maintenance could affect their function. It is worth nothing that fencing can be used in areas that 

may not be suitable for AD/DWS, and vice versa, improving overall mitigation efforts. 

Data Analysis 

The analysis began with retrieving the as-built data to gain a better understanding of the 

roadwayôs characteristics. The data provided many useful layers to assist with the analysis. The 
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layers include information on the roadway, such as the centerline, numbers of lanes, and 

pavement width; elevation contours, both pre-existing and proposed; and other aspects, such as 

right-of-way boundaries, utilities, stormwater drains, and others. Figure 4 shows an overview of 

some of the layers provided within the KML files. 

In the absence of official, publicly available data, the KML files provide a great overview 

and visual representation of the roadway when overlaid on a map, showing such information as 

the exact location of the roadway, shape, pavement width, and lane numbers. The data also 

provided as-built elevation contours, which can assist in determining sections where the road is 

accessible by discerning the slope of the roadside and the height of certain structures. Using this 

data as a visual aid, VTTI decided to conduct a site visit to retrieve quantifiable data that could 

be used in tandem with the KML files to effectively analyze the characteristics of the roadway. 

 

Figure 4. Map depicting the road centerline, proposed and as-built contours, and state right of way boundary 

layers included in the KML files  for  Corridor Q.  

Roadside Classification 

The analysis continued by gathering the georeferenced footage from the site visit (see 

Figure 5). In lieu of referenceable elevation data, this footage could provide information on the 

state of the roadside and reveal indicators that a certain area may be more accessible to wildlife 

than others. The goal of this procedure was to indicate areas along the roadway that appeared 

more open and accessible for wildlife to enter or interact with the roadway versus areas that 

seemed more closed off due to topography and any existing structures, and therefore begin to 

classify all portions of the roadway based on these characteristics. Additionally, elevation data 
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was included in the recorded telemetric data, which could assist in indicating where fog has a 

higher potential of occurring more often than at other locations along the roadway. 

To begin the assessment of this footage, the telemetric data was extracted and reviewed. 

Within this data were the latitude-longitude coordinates and timestamps of the video recording at 

designated points, which could be added to a map and overlaid on the KMZ fileôs road centerline 

layer. Because there was information on the exact location to accompany the footage, researchers 

could then begin to describe the state of the roadside in both directions. 

The GPS coordinate data was recorded at a frequency of 60 points per second. 

Extraneous points from the telemetric data were removed to reduce the dataset to only contain 

points at 1-second intervals. The video footage was reviewed alongside the newly created 1-

second interval dataset to provide a method to tabulate changes to the roadside, which could then 

be incorporated into the map using the road centerline provided within the as-built data. As the 

recording was viewed for changes in the state of the roadside, the timestamp in the video was 

matched to the timestamp within the telemetry dataset, and a classification was given to the 

points within the dataset. The roadside would be characterized by several options, including cut 

and fill sections, areas that were more flat or open, intersections, and bridgeways. This was done 

to denote when the roadside characteristics changed from more open to more closed-off. In both 

directions of the recording, the area near the roadside on the right was observed, providing a state 

of the south side and north side to then compare to each other. Considering the state of both sides 

of the roadway, a level of openness or accessibility from the roadside was assigned to the entire 

length of recorded roadway (see Figure 6). For this analysis, ñopenò is defined as an area where 

both sides of the roadway are flat with relatively high access to the roadway, ñclosedò means the 

area is characterized by cut sections of earth, or the elevation is so steep that access to the 

roadway is likely difficult, and ñsemi-openò contains a mixture of characteristics of both open 

and closed sections. While ñclosedò may mean the roadway is less accessible to wildlife entering 

from the roadside, this does not necessarily mean that the roadway is entirely inaccessible. 

Wildlife may enter this area parallel to the roadway, and then cross perpendicular within this 

section. However, in later sections, it is illustrated that these ñclosedò areas show less elk 

activity. The roadway designated ñN/Aò was not yet open for georeferenced video to be 

recorded. 
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Figure 5. A screenshot of the georeferenced video footage reviewed as part of the roadside classification 

analysis. This area depicts a section that is open on the left side of the road, and closed on the right. 

 

Figure 6. A map of Corridor Q road centerline after roadside classification of the accessible portion of the 

roadway was completed. 
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Analysis of the Elk GPS Collar Data 

Near the conclusion of the roadside classification analysis, DWR provided VTTI with 

access to the GPS collar data of the elk herd near Corridor Q. There were a total of 53,303 data 

point locations provided with this dataset. The date coverage varied between each female elk, as 

shown in Table 2. The Dates Covered by Each of the Individual Female Elk That Were Included 

in This Study 

Table 2. The Dates Covered by Each of the Individual Female Elk That Were Included in This Study 

 

Because the data only contains information on the local elk population, no determinations 

can be made with high confidence about how the other wildlife in this area may interact with the 

roadway and vehicles once it is open to the public. However, due to their unique behavior, this is 

one of the more important species to consider for crash mitigation. Elk are one of the most 

dangerous wildlife species to motorists due to their size. Further, because they are a highly 

vulnerable species, an analysis of this data was considered crucial to understanding the unique 

challenges that elk pose on the roadway. Multiple analyses were performed using this data to 

support finding areas where elk activity occurs near the roadway.  

Prior to any further analysis, all points with an HDOP value greater than five were 

removed from consideration, as their values indicate a poor confidence in exact positioning. Of 

the initial 53,303 points, 53,115 remained after removing the 188 points with high HDOP values. 

An initial test was performed on the density of GPS collar data points that fell within certain 

distances of the roadway.  

Of the remaining data, 21,411 points (~40%) of all elk activity were recorded within 200 

m of the roadway. A total of 14,296 points (~27%) fell within 100 m of the roadway, 7,067 

points (~13.3%) within 50 m, 1,866 points (~3.5%) within 20 m, 489 points (~0.9%) within 10 

m, and 242 points (< 0.5%) within 5 m. Of these different radial distances to the roadway, the 

100 m buffer was chosen to maximize the amount of quality data points near the roadway for 

analysis, while making it easier to discern between areas of high and low density from a point 

density analysis.  

The data was provided as 15 unique female elk sets and sorted temporally, from the 

earliest to latest entry. Using this information, straight-line paths generated for each unique elk 

could be viewed by drawing lines from one point to the next, until each elkôs path was tracked. 
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Unfortunately, it cannot be determined that the lines traced this way were the actual paths the elk 

traveled, as a time interval of 4 to 6 hours likely meant the elk took a much different path than 

the generated straight line. Additionally, despite how parallel or perpendicular to the roadway the 

paths were traced, no determinations could be made of whether an elk used the roadway itself to 

travel from one point to another, whether it crossed at a certain location, or if it crossed the 

roadway multiple times within the 4-to-6-hour timeframe. However, by taking every point in 

which an elk path intersected with the roadway, and conducting a point density on the resultant 

points, ñcrossing activityò along the roadway could be mapped and considered for further 

analysis.  

 

Subject Matter Expert and Vendor Interviews 

 Seven SME and vendor interviews were conducted to gather information on ADS 

implementation, current technologies, limitations, and potential challenges. The notable 

information gathered from the interviews is summarized below. When evaluating vendor 

information, itôs important to consider potential bias with regard to ADS technology, as they may 

stand to benefit from potential sales or have more particular knowledge about their own systems, 

and less on other vendorsô. This information was gathered to create a full scope of current ADS 

technology that was not present in the literature reviews. Recommendations given were used to 

gather the total scope of current ADS technology available for potential use on Corridor Q. Our 

recommendations were based on analysis done outside of the interviews. Both recommendations 

and potential challenges for these systems are listed. For the full interviews see Appendix A. 

Interview 1 ï Marcel Huijser, a senior research ecologist with the Western Transportation 

Institute. Huijser is an SME with extensive experience in AVC mitigation who assisted with 

progressing the analysis by offering insight on the benefits and challenges of AD/DWS and 

suggesting some vendors to contact. 

¶ Crossing structures are preferred in most situations due to their high effectiveness. 

¶ Research on the implementation of ADS is limited. 

¶ Survival rates of ADS projects are poor. 

¶ It is imperative to understand the future of the systems once implemented, for 

instance, who will maintain the systems once they have been installed. 

¶ Fencing can increase the ñbarrier effectò of roadways. 

¶ Elk require properly sized crossing structures. 

¶ Other countries take a conservation-centered instead of a safety-centered approach. 

¶ Upkeep and maintenance responsibilities need to be considered. 

Interview 2 ï Jeffrey W. Gagnon, a statewide research biologist with the Arizona Game and Fish 

Department. Gagnon is another SME with experience in conducting studies on the use of 

AD/DWS, specifically in applications for which elk were a primary consideration. 

¶ A thermal system mounted 12 ft off the ground with fencing into a smaller crossing 

area is recommended. 
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o Itôs effective for large animal detection, such as elk, and with proper filters 
accuracy can reach 90%+. 

¶ Sensing limits are controlled effectively at 50ï100 ft wide. 

¶ The system does not tolerate high winds well, so additional pole support is needed in 

windy areas. 

¶ Without fencing, more sensors are required, and the error potential goes up 

exponentially the larger the area you try to cover with just sensors. 

¶ Escape structures within stretches of exclusionary fencing are recommended at a 

minimum of every half mile. 

¶ Itôs important to monitor areas where fencing ends to eliminate the end-run effect. 

¶ Electrified concrete can be used as an alternative to electrified mats in snowy regions. 

¶ Upkeep and maintenance responsibilities need to be considered. 

¶ There is potential for hacking and vandalism. 

¶ Gagnon mentions being personally reluctant to put any detection system on a 4-lane 

road due to the speed (~70 mph) of motorists.  

¶ Detection systems are unique; there is no one-size-fits-all solution. 

It should be noted that the recommendations that Gagnon offered are for mitigation 

strategies in general, and may not apply specifically to Corridor Q, as the characteristics may 

vary from one roadway and its local wildlife to another. 

Interview 3 ï Chris Peguesse, a consultant with Senstar, a vendor of advanced security systems. 

In this interview, the discussion focused on the use of their Omnitrax® system, a buried cable 

solution that Peguesse has experience in utilizing as an ADS. 

¶ Their Omnitrax® product consists of a single central processor, with cable length up to 

400 m in each direction (up to 800 m of linear roadside total with one unit). The system 

has the following features.  

o Can be powered by solar panels. 

o Is underground, so visibility-based challenges have no effect. 

o Can discern location of animals along the roadway, which could aid in 

understanding elk movement. 

¶ Metallic structures (i.e., fences or guardrails) near the cable can cause signal disruption. 

o Strategic placement can minimize impact and even boost signal if metallic 

structures are properly accounted for.  

o If the distance of the guardrails are too close to the pavement, the system may 

detect passing vehicles. 

¶ Burrowing wildlife may disturb the cable. 

o The cable can be encased in impermeable material to discourage animals from 

disturbing it. 

¶ Due to elksô physique, the cableôs ability to properly detect elk is hindered and can cause 

false negatives. 

o The system needs to be adjusted to account for this while not detecting smaller 

wildlife that pose no threat to drivers. 

o A berm placed on top of the cable laid directly on an existing surface is 

recommended to increase the area of detection. 
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¶ The cable cannot discern whether an animal is travelling from the roadside into the road 

or vice versa. 

¶ This system requires relatively uniform soil with little to no air pockets or large rocks. 

Interview 4 ï Gert Hamberg is the founder and director of ProWild, a vendor of AVC mitigation 

technologies. Hamberg discussed the options that ProWild can offer, including break-the-beam 

and above-ground area-cover systems. 

¶ ProWild can install thermal, lidar, active infrared, passive infrared, and radar and have 

access to all of these within the same controller. 

¶ Their system has wireless connectivity over 5 km, but wired systems are best. 

¶ Their long-range thermal cameras can look over 2 km and detect specific animals. 

¶ Since the elk stay on the road, additional technology is needed to differentiate them from 

cars.  

¶ Passive infrared wonôt work alone as a detector and must be combined with other 
technology. 

¶ Passive infrared has been added to their active infrared systems to make them safer. 

¶ Active infrared can be sensitive to foggy conditions. 

¶ Lidar technology has recently progressed and needs to be tested again. 

¶ Detection systems are unique; there is no one-size-fits-all solution. 

Interview 5 ï Tim Hazlehurst is the founder and president of CrossTek, a vendor of AVC 

mitigation technologies. Hazlehurst has experience in utilizing systems, such as thermal and 

radar, as AD/DWS solutions. 

¶ CrossTek uses a ground-up engineering approach and develops each system to fit the 

environment. 

¶ Off-the-shelf systems have limited success. Tim is not aware of an "off -the-shelf" system 

that has remained in roadway operation. Some didn't work from day one. The rest were 

decommissioned within 1 to 4 years.  

¶ A mobile-data-collection wildlife detecting radar, with or without wildlife detecting 

thermal cameras, is an option to test different systems and document wildlife movement 

across roads in different areas before committing to permanent installation. 

¶ Multiple sensors and cameras can be integrated into one driver warning system. 

¶ Recommended having an area to control the movement of the animals while targeting the 

bigger crossing areas and considering what the driver will see. I.e., recommended a 

combination of fencing, radar sensors and thermal sensors (with solid animal detection 

capabilities) to optimize detection and warning. 

¶ Recommended using fencing and tying it to crossing structures and underpasses for 

animal flow, when possible. 

¶ Some clear space (minimal vegetation or vegetation maintained at certain height) on both 

sides of the road is required for line of site detection of wildlife. 

¶ Radar sensors have a 1400-m radius in each direction. Designed for up to 1.6 miles with 

one radar sensor positioned at a central location of the road corridor. At 1400 meters, the 

radar can accurately detect a human crawling on the ground.  
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¶ A thermal camera can be placed to view the area under the radar to mitigate the blind 

spot created by the angle of declination. An alternative is to install a short section of 

game fence (200 feet) behind the radar to steer wildlife away from crossing directly under 

the radar.  

¶ In the past, passive thermal imaging maxed out at 100ï125 ft along the roadway, but 

CrossTek are now getting strong results out to 250ï300 feet. 

¶ Does not recommend turning signs on unless confirmed or very high probability that 

wildlife are near the roadway. 

¶ Both radar and thermal systems work well in rain, fog and snow. Lidar is less reliable and 

sometimes exhibits very poor performance in these conditions. 

¶ Motorists need enough time to react to animal detection. This pertains to sign placement 

and speed of activation upon positive detection. 

¶ Costs will vary based on what state DOTs require in their design plans, such as strict 

adherence to the Approved Product List or extra reviews for environmental permits or 

extra steps in developing plan-sets, etc. 

¶ Once the section of roadway is open and traffic is present, the elkôs movement patterns 

may change. 

¶ Weather matters ï some sensors will fail or have reduced performance in heavy rain or 

snow. 

¶ Thermal has limited range but is a good option at the end of fencing or near concentrated 

crossings. 

Interview 6 ï Steve Bega and Steve Mars from Animex, as well as Gert Hamberg from ProWild. 

Animex works in partnership with ProWild to provide AD/DWS and other mitigation solutions 

for clients around the world. 

¶ Recommended that VDOT apply for grant money for overpasses/underpasses before the 

roadway is opened to mitigate future costs and potential fatalities with humans and elk. 

¶ There is no one-size-fits-all for ADS.  

¶ Location, budget, elk patterns all need to be considered. 

¶ Has long-range thermal cameras that can view up to 2 km and radar. 

¶ If position is changed, parameters need to be reset. 

¶ Power options can change price significantly. 

o Can always add solar panels later. 

¶ With fencing, active infrared is an option.  

¶ Due to potential fog, 1 km thermal may be better than 2 km 

¶ Multiple sensors/cameras can be added to one main controller to save money.  

Interview 7 ï Gary Lester has worked with MBP (McDonough Bolyard Peck) as a service 

executive. Lester offered some insight into the requirements of the implementation of systems 

along the roadside. 

 

¶ Recommend getting information from different vendors and systems. 

¶ Likely not a lot of information on ADS, as this is a newer technology. 
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¶ Noted the need to know the specifications on the installation procedures for each piece of 

equipment, so MBP can know what is needed from them. 

 

Key factors from interviews: 

¶ Need to consider the capabilities and limitations of each system, as there is no one-size-

fits-all solution. 

¶ Installation procedures and maintenance requirements are important factors to consider. 

¶ Costs can vary based on the specific requirements of each system. 

¶ Thorough research and understanding of different vendors and systems is necessary 

before making a decision. 

 

Knowledge Synthesis 

Based on the culmination of knowledge synthesized from the literature review, analysis 

of the roadway, interviews with SMEs and vendors, and a review of the VTRC studyôs report, 

Figure 7 summarizes at a high level the various possible AVC mitigation strategies that might be 

implemented, and how they compare to one another, considering various operational 

characteristic trends. Additionally, recommended mitigation methods for Corridor Q are colored 

in blue, while methods not recommended are shown in orange. The study area of Corridor Q has 

several unique attributes which make recommending certain strategies difficult to determine. 

Due to how the elk are likely utilizing the roadway itself as a path of travel, and the geography of 

the surrounding area, using improved fencing alongside AD/DWS is difficult to recommend for 

this roadway until further study is conducted on the elk herd and their interaction with vehicles 

on the roadway. Currently, the data required to determine the relative cost of the different AVC 

methods on a per-crash incident basis is not available. 
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Figure 7. A comparison of AVC mitigation treatment methods versus general operational factor trends. 

Methods in blue indicate feasible options for Corridor Q, while methods in orange are not recommended or 

feasible. It is uncertain whether improved fencing with AD/DWS will be beneficial for Corridor Q, based on 

both the unique behavior of the local elk population and the characteristics of the roadway. 

*The Overall Cost trend of Improved Fencing versus ADS as standalone options may be reversed depending on 

several factors, such as the materials used, installation, and maintenance. All other trends between these 

methods remain consistent. 

Road Classification and Site Selection Criteria 

At the conclusion of the roadway analysis, results of the elk GPS collar data and path 

tracing analysis appeared to align with the roadside classification. When viewed simultaneously, 

areas in which the roadside was classified as being more open matched with a higher density of 

elk GPS activity near the roadway (see Figure 8), and in many cases the density of path tracing 

intersected with the road centerline more often as well (see Figure 9). Conversely, in areas where 

the roadside was classified as being more closed-off, GPS collar activity and path tracing were 

both much lower than in other areas of roadway. From this information, it was determined that 

there were specific sections along the roadway where elk seemed to congregate nearer to the 

road, and that there were areas where crossing activity was more likely to be occurring. From 

these results, it was determined that specific areas along the road would benefit more from 

AD/DWS installation than others and could provide a more cost-effective approach to system 

implementation. Additionally, the results of the collar data aligned with the analysis identifying 

areas of higher EVC risk carried out in the VTRC study of Corridor Q.  
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Figure 8. GPS collar tracking activity occurring near the roadway along Corridor Q, with the roadside state 

layer overlaid. 

 

Figure 9. Path tracing of the elk collar data, and the density of the points along the roadway in which the 

paths intersect. 
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It should be noted that despite analyzing the path tracing of the elk, allowing for a view 

into areas of possible crossing density, these paths do not account for the movement of the elk in 

between each time stamp, which could vary widely from the analysis. However, as this is a point 

density analysis, it shows an average across the entire roadway, illustrating where crossing 

activity is more likely occurring. Additionally, the paths can show patterns when overlaid and 

reviewed visually to determine the general direction of movement, as determined by whether the 

tracks appear to be more parallel or perpendicular to the roadway. 

 

Roadway Classification 

Based on the discussions from the interviews and analyses, the determination was made 

to classify portions of the roadway by their varying characteristics. This was done to identify 

areas where AD/DWS strategies could be focused, and to provide this information to each 

vendor as a method to get a better understanding of how their system could be implemented in a 

strategic and cost-effective approach.  

The site selection process began by using the map data alongside the recorded video 

footage to note when certain characteristics changed or differed. In order to consider a section of 

roadway for the installation of AD/DWS, the following criteria were used to determine the level 

of relative apparent EVC risk. While higher precedence was placed on the elk activity near the 

roadway, all criteria below were considered important to the site selection process. 

¶ Density of collar data points near the roadway ï using point density 

o Low 

o Medium 

o High 

¶ Crossing density ï using point density 

o Low 

o Medium 

o High 

o Visual determination of path tracing in relation to roadway 

Á Parallel tracks 

Á Perpendicular tracks 

Á Ratio of parallel vs. perpendicular 

¶ Roadway characteristics ï from georeferenced video footage analysis and as-built data. 

Though all characteristics were important to consider, they are listed here by their level 

of consideration, from most to least, for the analysis. 

o Line of sight, vertical and/or horizontal 

o Cut/fill/level sections, both sides of roadway 

o Vegetation and other natural structures 

o Number of lanes and non-natural structure presence (e.g., guardrails) 

The different sections were classified by analyzing the different areas along Corridor Q, 

noting where areas transitioned from more closed to open, where the density of elk GPS collar 

data was higher, and where elk crossing density was higher. The captured footage was observed 

to classify the state of the roadside as the vehicle drove along the roadway. While there is nuance 
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depending on the section of roadway being observed, the roadside is generally characterized by 

either being open (both sides offer access to the roadway), semi-open (one side contains a cut 

section with tall, near-vertical cliffs), and closed (both sides are cut sections).  

A total of 16 sections were noted as distinct areas to consider for the potential of 

AD/DWS implementation, each with varying characteristics that lead to a higher or lower 

relative level of risk (see Figure 10). In some cases, it was easy to discern the change in these 

variables, meaning that there were more discrete, easily distinguishable sections. Some areas 

appeared to be longer stretches of open roadside and high activity, making it challenging to 

separate different sections. In addition to the variables discussed, line of sight was also a 

consideration for transitioning from one area to the next. For some forms of ADS this is more 

important to note, such as for above-ground area cover options, but others, like BCADS, do not 

need to take this into account as highly. 

 

Figure 10. The 16 sections designated as areas to consider for the potential of AD/DWS implementation, and 

their apparent risk levels of EVCs. Analysis layers are included to show how they influenced the site selection 

process. For reference of the different layers depicted in this map, refer to Figure 6, Figure 8, and Figure 9. 
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Informational Packet for Vendors 

After the conclusion of the interviews, researchers worked on creating a comprehensive 

informational packet detailing all relevant aspects of Corridor Q that the vendors had requested 

prior to providing their assessment of ADS strategies, suitability of using certain ADS based on 

selected criteria, and ultimately, a cost estimate. It was requested that this estimate include the 

pricing for parts (ADS unit, communications, power, and any other materials), labor (installation, 

calibration, training, and any follow-up), and be upscaled to include all areas that the vendors 

believed to be the sites suitable for utilizing their ADS products.  

The following sections detail the information provided to all three vendors that VTTI met 

with. This informational packet was created using CrossTekôs Project Definition Report (see 

Appendix B) as a guideline to provide all relevant information in a simple, straightforward 

format that could be given to each vendor for equal opportunity to respond. For the original 

informational packet, see Appendix C. 

 

Overview 

The packet provided a general description of Corridor Q, such as the characteristics of the 

roadway overall and the challenges of the local wildlife.  

 

Coverage Area 

It was explained that most, if not all, of the roadway should be considered an area of 

concern for wildlife activity. However, an analysis of the roadway shows that several locations 

can be considered areas where there is higher activity of wildlife. Areas along the roadway range 

from low to very high activity, depending on location, state of the roadside, access to vegetation, 

topography, and other factors. 

 

Site Topography, Lines of Sight, and Site Constraints 

In some of the sections of higher activity, areas are wider, flatter, and more accessible, 

but other areas are cut off and more discrete. Some areas may have hills with steep grades that 

either incline or decline shortly past the side of the roadway, and some have high cliffs on one or 

both sides of the roadway, causing line of sight obstruction and presenting challenges for 

detection system location. Some sites blend into the next site, with the only variable being the 

line of sight, due to the curvature of the roadway.  

 

Signing Strategy 

One of the goals of this project is to find an appropriate warning system to alert drivers as 

animals are approaching, near, or within the roadway itself. This may include flashing lights, 

imagery, succinct light-up message boards, or other options as part of the signage near the 

roadway. Specifics of how the drivers should be alerted were not discussed, merely that drivers 

need to be alerted in some manner. 
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Sign Imagery/Graphics 

There were concerns that if specific images of animals were on a sign along this roadway, 

such as an image depicting the profile of an elk, that people with nefarious intent could possibly 

exploit this information to learn where certain species tend to congregate and use the information 

to poach or otherwise harm these animals. Elk are a protected species in Virginia, and therefore a 

generic wildlife image, and/or a generic message such as ñwildlife detectedò is likely to be a 

better option than species-specific signage. 

 

Sensor Layout 

The way in which any sensors are laid out along the roadway will likely vary depending 

on the section. Accordingly, it was important to consider the likely locations of these possible 

crossing locations, what characteristics they contain, and how they compare/contrast to other 

sections. Certain animal detection system sensor types, such as thermal imagery, radar, buried 

cables, or other considerations, may fare better than others depending on the location. 

 

Power Availability/Connectivity 

Gridded vs Off-grid Power 

It was explained to the vendors that, currently, there are few to no proposed connected 

power sources. In all locations, standalone power, such as solar or otherwise, should be 

considered necessary for powering the systems. Careful consideration should be taken as to the 

exact location within a section; some areas may be challenging for solar power, as high 

cliffs/hills can obscure the sun in the early morning, late evening, or both.  

 

Remote Connectivity 

For data collection and observational purposes, vendors were asked to consider the use of 

remote connectivity and include that option in a cost estimate. 

 

Testing and Validation 

It was requested that vendors consider the inclusion of visual cameras for surveillance 

and real-time or historic validation of the alert system. The quantity of these visual cameras 

would depend on how many cameras are needed to accurately validate the systems.  

 

Warranty, Support, Training, and Documentation Requirements 

The importance of including these aspects in the cost estimate were stressed, as was 

understanding the process for how the systems will be transferred to VDOT once they are 

installed and validated. This would include the costs of system support and training. 

 

Similarities 

When analyzing the various sections, some similarities were noted. To provide more 

overall information on the roadway characteristics to vendors, each section was described as 

showing an area in which: 
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¶ the density of elk GPS collar data was higher than average, 

¶ the density of elk crossing activity was higher than average, and/or  

¶ observations of the roadside indicate that it is more open and accessible to wildlife, either 

overall or relative to its surroundings. 

Temporal Data 

The elk collar data was analyzed temporally to provide more information and context 

about how the elk appeared to interact with the roadway at different times of day and year. This 

was done in the event this type of information was relevantðfor example, there might be 

challenges for certain systems to properly function in the daytime vs. nighttime or in the summer 

vs. winter. When observing the different sections, there were many similarities in both daily and 

seasonal aspects.  

In all areas, more activity concentrated near the roadway was noted during times of 

sunset and night, with data showing less and more sparsely populated points during sunrise and 

day. More collar data points were noted as being near the roadway during the winter and fall 

versus the summer and spring. Generally, the western areas of the roadway appeared to show 

more activity in winter, and the eastern areas showed more activity in fall. 

Additionally, this information can be used in other ways not related to AD/DWS vendor-

provided technologies, but which are still useful as a potential mitigation strategy. For instance, 

temporal information on wildlife activity could be used to determine whether there are certain 

times of day or year that, should VSL signs be an option to consider, the mandated speed limit 

could be adjusted during times of peak wildlife activity near the roadway. 

Weather/Climate 

Weather-related characteristics of the roadway were also considered, but due to the 

relative similarities along the roadway, this section primarily detailed the characteristics of the 

region instead of trying to discern the slight differences in how wind or fog may affect the 

placement of ADS. 

¶ Fog ï Corridor Q is mostly flat, and there will therefore be little difference of fog 

potential for each section.  

o The lowest area that has higher potential is near the bridge, away from most elk 

collar data points.  

o However, the potential for fog to obscure the roadway is likely along the entire 

length of roadway, as the sections with lower elevation can be affected by valley 

fog, while the higher sections can be affected by orographic, or upslope, fog. 

¶ Wind direction and speed will likely not change in most areas, with some possible 

exceptions depending on the direction of wind over fill sections or between cut sections. 

¶ Access to sunlight will also likely not change among the different areas. The sections 

where sunlight may be cut off in the morning or evening, such as closed-off areas with 

high cliffs on either or both sides of the road, show much less GPS collar activity, and 

have a lower level of priorityðmost of the highest areas of crossing activity are within 

the more open sections. There are a few exceptions, such as Sections 1, 14, and 16, as 

described below. 
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Differences 

The informational packet also described the differences between the sections, which were 

further detailed for each individual section in the final portion of the packet. 

Crossing Zone Types 

In the analysis of the roadway, four distinct crossing zone ñtypesò were observed among 

the 16 total sections, which can assist in determining more broadly the application of certain 

ADS depending on the similarities between the section types. Below are those types, their 

characterizations, and the numbers of the sections the typing applies to: 

¶ Type 1 ï These are mostly, to entirely, discrete sections characterized by distinct open 

areas that are separated on both ends of the section by natural structures such as cut 

sections of roadway. 

o Sections 1, 3, 8, 15, and 16 

¶ Type 2 ï This type is somewhat like Type 1 in distinction, but as a section is not as 

discrete, meaning it is not as easy to discern when a section begins and ends along 

roadway by just observing the footage. These areas are mostly open, but there may be 

some blind spots in the line of sight. There may be various characteristics to the roadside 

and there may be transitions between cut and open sections within the area. 

o Sections 2 and 4 

¶ Type 3 ï This type has even less distinction between adjacent sections than the previous 

type. The roadway can blend between adjacent sections, making it difficult to discern 

why discrete elk collar activity and crossings occur in the map data; however, the map 

still shows discrete or semi-discrete hotspots. Line of sight is the best method used to 

assist in determining section transitions. 

o Sections 5, 6, and 7, and sections 9 and 10 

¶ Type 4 ï This type has the least amount of distinction between sections, with the only 

difference being line of sight from a vehicleôs perspective. These areas are mostly open 

throughout each section, with lines of sight determined by natural structures when 

observing the vehicle footage. This type encompasses the Southern Gap area of the 

roadway. 

o Sections 11, 12, 13, and 14 

The final section of the informational packet provided further details of each individual 

roadway section. This included a determination of overall risk of EVCs occurring within each 

section using the results of the elk collar data and roadside classification analyses. Table 3 

provides these details, which were also given to the vendors in order to receive a more thorough 

response on system implementation along the entire roadway. The section numbers correspond 

to the section labels in Figure 10. The wildlife activity, crossing activity, road characteristics, 

length, line of sight, and natural and non-natural structure columns were compiled from the 

various roadway analyses to provide all relevant information of each section to the vendors. 
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Table 3. A compilation of all relevant information on each section from the roadway analyses, including an overall EVC risk based on the results of the elk collar data 

and roadside classification analyses, provided to the vendors as a method to determine full system implementation. 

Section Type Overall 

EVC risk  

Wildlife Activity  Crossing 

Activity  

Roadway 

Characteristics 

Length Line of Sight Natural Structures Non-natural 

Structures 

1 1 Low / Very 

Low 

Small amount, low 

density. 

Few crossings, 

mostly parallel 

tracks to 

roadway. 

Semi-open, 

discrete. Cut and 

open sections 

throughout. 

750 m  

(0.5 mi) 

Some horizontal 

obscurations 

from road 

curvature. 

Cut and open sections 

on north side, 

vegetation on both 

sides, fill sections on 

south side. 

2 lanes + climbing 

lane, eventually 4 

lanes. Guardrails 

proposed on south 

side. 

2 2 Low / 

Moderate 

Small/moderate 

amount and 

density. 

Some crossings, 

mainly parallel 

to roadway. 

Semi-open, semi-

discrete. Cut, and 

open sections 

throughout. 

1.1 km 

(0.75 

mi) 

Horizontal 

obscuration, 

roadway curves 

southward (from 

W to E) 

throughout 

section. 

Cut and fill sections 

throughout. 

2 lanes + climbing 

lane, eventually 4 

lanes. Guardrails 

proposed for a 

portion of north side. 

3 1 Low / 

Moderate 

Small/moderate 

amount and 

density. 

Few 

perpendicular 

paths, mostly 

parallel to 

roadway. 

Open, semi-

discrete. 

Open/fill sections 

throughout. 

500 m 

(0.3 mi) 

Horizontal 

obscuration, 

roadway curves 

northward, 

vegetation 

obscures vision. 

Cut section 

transitioning to open 

on south side, 

vegetation on north 

side. 

2 lanes + climbing 

lane, eventually 4 

lanes. Drainage pond 

on north side. 

4 2 Moderate / 

High 

Moderate amount 

and density, denser 

on southern side. 

Moderate, 

multiple 

perpendicular to 

roadway. 

Semi-open, fairly 

discrete. Cut and 

fill sections 

throughout. 

1.5 km 

(0.9 mi) 

Little/no 

obscuration, 

straight section. 

Cut section on half of 

north side, some 

vegetation on south 

side, but mostly open 

past cut section. 

2 lanes + climbing 

lane, eventually 4 

lanes. Guard rails 

proposed for half of 

north side. 

5 3 Moderate Moderate amount 

and density, more 

along eastern side. 

Low/moderate. 

~50/50 on 

parallel vs. 

perpendicular to 

roadway. 

Open, semi-

discrete (adj to 

#6). Cut and fill 

sections. 

550 m 

(0.33 

mi) 

Little 

obscuration, 

roadway curves 

southward but 

little vegetation. 

Cut section along 

majority of north side, 

open on south side. 

2 lanes + climbing 

lane, eventually 4 

lanes. Guardrails 

proposed for a 

majority of the 

section. Drainage 

pond on south side. 
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Section Type Overall 

EVC risk  

Wildlife Activity  Crossing 

Activity  

Roadway 

Characteristics 

Length Line of Sight Natural Structures Non-natural 

Structures 

6 3 Moderate Moderate amount 

and density, more 

along eastern side. 

Low/moderate. 

~50/50 on 

parallel vs. 

perpendicular to 

roadway. 

Open, semi-

discrete (adj to 

#5 & 7). Fill to 

cut section. 

550 m 

(0.33 

mi) 

Little 

obscuration, road 

curves northward 

and some cut 

sections and 

vegetation. 

Cut sections within 

road section, but 

mostly open. Some 

vegetation near 

southern end. 

2 lanes + climbing 

lane, eventually 4 

lanes. Guardrails 

proposed for majority 

of section. 

7 3 Moderate / 

High 

Moderate/high 

amount and 

density, both sides 

of road. 

Moderate, 

~50/50 on 

parallel vs 

perpendicular to 

roadway. 

Semi-open, semi-

discrete (adj to 

#6). Cut and 

open/fill sections. 

800 m 

(0.5 mi) 

Little to no 

obscuration, 

straight section. 

Large cut sections on 

north end of section, 

opens up on south 

side. 

2 lanes + climbing 

lane, eventually 4 

lanes. Guardrails 

proposed for majority 

of section. Drainage 

pond on north side. 

8 1 Moderate / 

High 

Moderate amount, 

high density near 

roadway. 

Moderate, 

~50/50 on 

parallel vs 

perpendicular to 

roadway. 

Open, discrete. 

Fill section 

throughout. 

1.1 km 

(0.7 mi) 

Little to no 

obscuration, 

relatively straight 

section. 

Some vegetation, but 

mostly open, fill 

section. 

Proposed 4 lanes. 

Guardrails proposed 

for majority of 

section. 

9 3 Moderate Moderate amount 

and density, even 

distribution along 

road. 

Moderate, 

~50/50 on 

parallel vs 

perpendicular to 

roadway. 

Semi-open, semi-

discrete. Cut and 

open/hilly 

sections. 

950 m 

(0.55 

mi) 

Moderate 

obscuration, S-

bend in roadway 

and vegetation + 

cut sections. 

Vegetation and cut 

sections on both sides. 

Proposed 4 lanes. 

Guardrails proposed 

for most of south 

side, some of north 

side. Drainage pond 

on south side. 

10 3 Very High Very high amount 

and density, 

concentrated near 

open sections. 

High, most 

activity vs. any 

other segment. 

Many 

perpendicular 

paths. 

Open, discrete. 

Primarily 

fill/open section 

throughout. 

950 m 

(0.55 

mi) 

Little to no 

obscuration, 

relatively straight 

section. 

Vegetation on all 

sides, large cut 

sections along north 

side, hills on south 

side. 

Proposed 4 lanes. 

Guardrails proposed 

for most of south 

side, some of north 

side. 
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Section Type Overall 

EVC risk  

Wildlife Activity  Crossing 

Activity  

Roadway 

Characteristics 

Length Line of Sight Natural Structures Non-natural 

Structures 

11 4 High High amount and 

density, esp. on 

western portion 

just after cut 

section. 

High, several 

groupings on 

either side of 

road. Many 

perpendicular 

paths. 

Semi-open to 

open, non-

discrete. Some 

cut sections, 

mostly fill/open 

sections. 

1.3 km 

(0.8 mi) 

Some 

obscurations. S-

bend, cut section 

and vegetation on 

north side, but 

rest is open after 

road straightens. 

Slight vertical 

obscuration but is 

accounted for by 

splitting between 

sections. 

Hills and cut sections 

on north side, fill/open 

on south side. 

Proposed 4 lanes. 

Guardrails proposed 

for majority of 

section. 

12 4 High High amount, 

relatively even 

distribution, 

concentrations 

along southernmost 

portions. 

High, mostly 

near the center, 

with groupings 

on the north and 

south side. Many 

perpendicular 

paths. 

Open, non-

discrete. 

Open/fill sections 

throughout. 

1.6 km 

(1 mi) 

Some 

obscurations 

from vegetation 

on both sides and 

cut section on 

north side. 

On a ridge, some 

vegetation, primarily 

on north side. 

Proposed 4 lanes. No 

proposed guardrails. 



36 

 

Section Type Overall 

EVC risk  

Wildlife Activity  Crossing 

Activity  

Roadway 

Characteristics 

Length Line of Sight Natural Structures Non-natural 

Structures 

13 4 Moderate Moderate amount, 

moderate density 

mostly on north 

side. 

Low/moderate, 

primarily on 

western portion. 

Some 

perpendicular 

paths. 

Open, non-

discrete. Open 

and fill sections 

throughout. 

1 km 

(0.63 

mi) 

Little to no 

obscuration, 

some vegetation 

on north side on 

western portion, 

hill/vegetation 

section on south 

side on eastern 

portion, past 

intersection. 

Much vegetation, 

some hills. 

Proposed 4 lanes. No 

proposed guardrails. 

3-way intersection on 

south side. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

14 4 Moderate / 

High 

Moderate amount, 

concentrated 

mostly on north 

side, but more on 

south side near 

opening. 

Moderate, 

several 

groupings near 

roadway. Some 

perpendicular 

paths. 

Mostly open, 

non-discrete. Cut, 

open, and fill 

sections 

throughout. 

750 m 

(0.5 mi) 

Some 

obscurations 

from hills and 

vegetation on 

both sides. 

Hills/vegetation south 

side, fill section north 

side. 

Proposed 4 lanes. No 

proposed guardrails. 

 

 

 

 

 

 

  
15 1 Low / 

Moderate 

Low/moderate 

amount, density 

concentrated on 

north side. 

Low, few 

crossings. Even 

between parallel 

and 

perpendicular 

paths. 

Open, discrete. 

Open and fill 

sections 

throughout. 

550 m 

(0.33 

mi) 

Little/no 

obscuration. 

Straight roadway, 

and little 

vegetation. 

Fill section 

throughout. 

Proposed 4 lanes. 

Guardrails proposed 

for majority of both 

sides of road. 

Drainage pond on 

south side. 
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Section Type Overall 

EVC risk  

Wildlife Activity  Crossing 

Activity  

Roadway 

Characteristics 

Length Line of Sight Natural Structures Non-natural 

Structures 

16 1 Moderate Low/Moderate 

amount and density 

on both sides, more 

on the north side. 

Moderate, 

several 

groupings on 

either side of 

road. Some 

perpendicular 

paths between 

groupings. 

Open, discrete. 

Open and fill 

sections 

throughout. 

600 m 

(0.38 

mi) 

Some 

obscurations on 

south side from 

large hill. 

Fill section north side, 

large hill on south 

side. 

Proposed 4 lanes. 

Guardrails proposed 

for majority of north 

side of road, none on 

south side. 



38 

 

Vendor Response and Cost Estimates 

In this section, the various vendor responses are provided. The details of the cost, 

including a breakdown of the cost per ADS based on suggested configuration, number of 

suggested warning signs connected to the ADS, and an estimated cost per unit length of roadway 

are included in the assessment (see Appendix D).  All details of each system suggested by the 

vendors, such as a breakdown of the cost of individual parts, power requirements, and any other 

information provided, are included as appendices in this report. A summary of these estimated 

costs for each system are provided within this section in Table 4. 

ProWild/Animex provided several different potential options for systems, including 

break-the-beam, several forms of thermal area cover, and radar area cover. But due to the unique 

nature of the elk along Corridor Q, they advised monitoring the roadway itself in addition to the 

roadsides and surrounding area. Based on their assessment of the various roadway 

characteristics, they recommended utilizing their most advanced thermal optical bi-spectrum 

system, which can be used to monitor the roadway, roadside, and surrounding area. With human-

sized object recognition ranges of up to 735 m per long-range thermal camera, placing two of 

these on one post, facing opposite directions, would cover nearly an entire mile of roadway. This 

type of system may not be the best option for some of the segments, however, especially those 

sections with line-of-sight concerns. Cheaper alternative thermal camera systems with shorter 

ranges were discussed as an alternative for these sections. With an array of several of these 

shorter-range systems, issues due to line of sight are mitigated. However, these short-range 

cameras can quickly become just as costly, or even more expensive, as the more advanced, long-

range cameras, as multiples are needed to cover the same range as the long-range, two-camera 

system. Additionally, more cables would need to be laid to connect these short-range cameras 

together and to the main controller. They advised that any area where an array of these cheaper 

short-range cameras are used will be comparable to the price of one of the long-range, two-

camera systems. An example system that they provided, which includes two long-range thermal 

cameras, a controller box, eight signs (suggestion of approximately two signs per ¼ mile, both 

facing either direction) each with their own solar unit to power them, and the engineering and 

software for installation, the expected cost would be $137,250. They advised this does not 

include items such as tax, labor/construction, cabling, power infrastructure, and any other 

potential security systems, like standalone visual cameras. A more detailed breakdown of these 

costs, and the vendorôs full response, can be found in Appendix D. 

Senstar provided the price of a single unit of their buried cable system, which includes a 

single unit controller and 800 m of cable, 400 m in either direction from the controller. As these 

systems could require placement on either side of the roadway, two systems may be needed for a 

given area. With this information, a single systemôs cost can be estimated by understanding the 

length of the areas where these systems would be installed, and doubling the number of systems 

if  the section is over 800 m. In areas where the length of roadway is shorter than 800 m, or less 

than 1.6 km where two systems are needed, the price would decrease somewhat, as less length of 

cable is needed to cover the roadway. However, Senstar representative Chris Peguesse 

emphasized that a thorough investigation of the roadway by Senstar, such as an assessment of the 

condition of the soil, amount of available space between the roadside and natural structures, and 
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the presence or proposal of any metallic objects near the roadway, should be completed to 

provide a more accurate system price.  

In a discussion with CrossTekCo, Tim Hazlehurst emphasized the importance of 

considering fencing as a supplemental mitigation strategy to use with ADS. The discussion 

reflected on the study completed in Arizona involving an at-grade crosswalk (Gagnon, et al., 

2018), and the efficiency of allowing for ADS to be focused on a particular area, closed on both 

sides by fencing or other structures. While in this case, the width of the at-grade crosswalk was 

only 20 meters, the same principles apply for funneling wildlife along designated zones that 

could be as large as 1 mile using wildlife fencing. Reducing the amount of roadway thatôs 

necessary to monitor helps to guide where ADS strategies can be most beneficial. Tim 

Hazlehurst did note that, in several projects that CrossTekCo has been involved with, ADS as a 

standalone measure appeared, anecdotally, to reduce the number of carcasses that he and his 

team noted along the roadways their systems were implemented. While Tim believes that 

strategic placement fencing would improve the overall effectiveness of ADS, using ADS as a 

standalone measure is also a feasible method of wildlife mitigation.  

CrossTekCo offered pricing on radar as an ADS option for Corridor Q. While it may not 

be suitable for every location along the road, it could serve as a cost-effective approach for a 

large open area. As these systems can monitor up to 1.6 miles of roadway, their high cost is 

mitigated by the amount of roadway that can be monitored. CrossTekCo explained that, due to 

the way these radar systems operate, they are ideally suited for detecting wildlife movements. 

Tim explained that, if this system is placed near the roadway, fencing can be used as an adjunct 

inexpensive method to compensate for almost all potential of a blind spot. 

 In addition to the provided Project Definition Report (see Appendix B), CrossTekCo 

offered estimated costs of other key components and strategies. With any of these systems, 

standalone power, such as solar, is required for the controller box, as this will contain all the 

hardware necessary for the systems to function. CrossTekCo estimates a low-power solar power 

station, with a 600 W power supply, to cost $6,500, while a more robust 1,440 W power station 

would cost $9,500. The price of the software can also vary, depending on the complexity of the 

system, with a range of $1,200 to $18,000. A comprehensive design package would vary as well, 

with a range of $35,000 to $120,000, depending on DOT requirements. Vendor support is 

estimated at $25,000, and training of the system and handoff to DOT personnel would cost 

$9,000. Maintenance contracts for the systems can also be purchased, with an estimate of 

$14,500 per year. And finally, extended warranties are available, with a typical cost of 7% of the 

original equipment cost for each year of the extended warranty. A breakdown of these additional 

costs can be found in Appendix D. 
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Table 4. An Estimated Cost of Each System, Considering All Components and Other Included Costs, 

including a Cost Per Unit Length based on the Length of Roadway Each System Covers (For a more detailed 

breakdown of costs, see Appendix D.) 

Vendor ADS Type Method Distance 

Covered 

Est. Single 

System 

Cost 

Est. Cost per Unit 

Length 

ProWild/ 

Animex 

Area Cover Thermal, long 

range 

1,470 m 

(4,823 ft) 

$137,250 $93.37/m ($28.46/ft) 

ProWild/ 

Animex 

Area Cover Thermal, short 

range 

368 m 

(1,207 ft) 

$68,250 $185.46/m ($56.54/ft) 

ProWild/ 

Animex 

Area Cover Thermal, short 

range 

736 m 

(2,415 ft) 

$91,250 $123.98/m ($37.78/ft) 

Senstar Underground Buried cable 800 m 

(2,625 ft) 

$82,180 $102.73/m ($31.31/ft) 

Senstar Underground Buried cable 800 m 

(2,625 ft) x2 

$138,360 $172.95/m ($52.71/ft) 

CrossTekCo Area Cover Radar 2,575 m 

(8,448 ft) 

$218,000 $84.66/m ($25.80/ft) 

Note: the estimated costs do not include costs such as shipping, taxes, installation, permits, training, and 

any other follow-on maintenance. 

 

Suggested Sites and Systems for Pilot Studies 

In an assessment of the various types of ADS technologies, and how the characteristics of 

each section denoted in this analysis may mean different technologies will function more 

efficiently than others, VTTI researchers have presented a suitability breakdown of the 

technologies for each section in Table 5. Strategically utilizing and placing these different ADS 

technologies may result in a lower total cost over using a blanket approach of installing systems 

along the entire length of the roadway without considering the suggested placement location. 

Due to the layout of some sections, certain ADS technologies could also be placed strategically 

to reduce the number of systems needed to monitor the same area versus placing systems in each 

section separately. For instance, a buried cable system or long-range radar system could be 

utilized in areas that are more open, such as the Southern Gap area, that encompasses four of the 

sections (11 through 14), separated from each other primarily by line of sight from the roadway. 

A strategically placed radar system may be able to monitor this area equally as well as other 

options, but at a significantly reduced cost. Assessments like this, where the entire roadway is 

considered within the context of the suggested sections to focus ADS strategies, can assist in 

further reducing the overall cost of a comprehensive system implementation.
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Table 5. The suitability of  each ADS type provided by the vendors, based on the characteristics of each individual section. Suitability was determined by 

VTTI researchers from the review of the literature and capabilities of the ADS technologies. 

Section 
Crossing 

type 

Overall 

EVC Risk Radar 
Thermal (short range, 

1ï2 cameras) 

Thermal (short range, 

3+ cameras) 

Thermal (long range, 

2 cameras) 

Buried 

Cable1 

1 1 Low  ǒ ƺ  ǒ/  

2 2 Low/Mod ƺ  ǒ ƺ ƺ/ǒ 

3 1 Low/Mod ƺ ǒ  ƺ ǒ/ǒ 

4 2 Mod/High ƺ   ǒ ƺ/ǒ 

5 3 Moderate   ƺ ǒ /  

6 3 Moderate ƺ  ƺ ǒ /ƺ 

7 3 Mod/High ǒ   ǒ ƺ/ƺ 

8 1 Mod/High ǒ -  ǒ /  

9 3 Moderate   ǒ  ǒ/ǒ 

10 3 Very High ƺ   ǒ ƺ/ƺ 

11 4 High ǒ   ƺ ƺ/ƺ 

12 4 High ǒ   ƺ ǒ/ǒ 

13 4 Moderate ǒ   ƺ ǒ/ǒ 

14 4 Mod/High ǒ   ƺ ǒ/ǒ 

15 1 Low/Mod ƺ ǒ ƺ ƺ /  

16 1 Moderate ƺ ǒ ƺ ƺ /ǒ 

 ï May be Suitable; ƺ ï Moderately Suitable; ǒ ï Most Suitable;  ï Not Recommended/Suitable 

1Buried cable contains 2 ratings, one for both sides of the roadway. Assume North/South if roadway is oriented E-W, or East/West if oriented N-S.
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Based on the information provided by this analysis, the authors of this report believe the 

site selection process should be focused on sections where the overall apparent risk of potential 

EVCs occurring is high. Of the 16 sections denoted from the site selection process, Section 10 is 

the area with the highest level of potential EVCs and where mitigation efforts can be focused for 

a pilot test of a single, standalone AD/DWS. Due to the roadway characteristics, a long-range 

thermal camera system is believed to be the most cost-effective option suitable for this section. 

The roadway is relatively flat and straight. The roadside conditions vary widely, from steep 

downslopes to tall, near-vertical cliffs, with the majority consisting of flat or hilly grassy terrain. 

These characteristics best allow the behavior of wildlife to be monitored to observe interaction 

with portions of roadway that are more open or closed-off. The section is somewhat discrete on 

both ends; there are semi-distinct cut sections that separate it from the adjacent sections, which 

can show how wildlife, and particularly elk, may enter this section. Observations of wildlife  

travel patterns can also be used to inform whether placement of enhanced fencing may improve 

the overall AVC mitigation effectiveness. 

Additionally, sections 11 through 14 were noted as an area of higher risk for potential 

EVCs. While only Sections 11 and 12 were designated as areas of high EVC risk, those sections, 

along with 13 and 14, comprise of a large, open area, known as the Southern Gap, and it is 

possible that the strategic placement of a radar system as an ADS strategy can allow for this 

entire portion of the roadway to be monitored at a cost-effective level. However, depending on 

the limitations of this system, priority should be given to monitoring sections 11 and 12 over 

sections 13 and 14.  

It should be noted that, for any section above, BCADS may also be a viable solution, and 

consulting with the vendor of a BCADS may be helpful in deciding which of these solutions may 

be more suitable. In any of these cases, the vendor of the system chosen for the pilot study 

should be consulted, and a site survey should be conducted by the vendor(s) on the exact 

placement of system equipment and hardware to ensure the most effective implementation. 

CONCLUSIONS 

The findings of this report rely heavily on the observed behavior of the local herd of elk 

and their interactions with Corridor Q. Due to the unique way in which elk utilize the roadway 

and surrounding area as their habitat, there is a possibility of a shift in theirðand other 

wildlifeôsðbehavior after completion of roadway construction and subsequent increase of 

vehicular traffic, and the lack of historic crash data typically required for this type of analysis. It 

is difficult to determine the way the herd will respond to traffic on Corridor Q until the roadway 

is opened to the public. However, as the VTRC study concluded, based on studies of roadways 

with EVC data and similar traffic volumes to the anticipated volumes for this roadway, it is 

possible that elk activity currently observed from Virginia DWRôs collar data may not shift once 

the roadway is complete. Should elk behavior change, continued study would be required to 

determine and quantify the risks that elk, other wildlife, and traffic on Corridor Q pose and the 

effects of any AVC mitigation, should it be implemented. 
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¶ Our research experience, review of the literature, and interviews with those having 

experience with respective systems indicates that, as long as they are properly maintained 

and calibrated with appropriate monitoring throughout the lifetime of the system, the 

installation of appropriate AD/DWS technology on Corridor Q in Virginia will likely reduce 

the rate of occurrence and severity of crashes involving elk and other larger species when 

compared to no or inadequate action. When compared to other methods for AVC mitigation, 

AD/DWSs offer improvements over static signage with respect to crash risks. 

¶ In general, improved wildlife fencing might be used alongside AD/DWS to further increase 

overall system effectiveness; one strategy might be used in areas of the roadway where 

another is not as suitable, or different strategies might be used in tandem to create more 

dedicated crossing areas, decreasing the length(s) of roadway that an ADS must monitor and 

where drivers must be vigilant. Due to elk likely using the roadway itself to travel, and the 

fact that electrified barriers are not appropriate for use on Corridor Q, it is difficult to 

recommend the use of improved fencing with AD/DWS until further study on the movement of 

the elk herd is conducted. Caution must be used when considering the length and function of 

fencing if used with AD/DWS, with extra caution/scrutiny in areas of roadway with three or 

more travel lanes. Wildlife jump-outs would be required at strategic locations to ensure 

wildlife do not become trapped in the roadway.  

¶ Mitigation scenarios that reduce animal-vehicle exposure, such as using improved fencing to 

guide wildlife to pre-existing, grade separated crossings like bridges or culverts, or 

constructing dedicated wildlife crossings like natural overpasses or underpasses with 

adjacent access control barriers, may be more costly, but are shown to be more effective 

than AD/DWS strategies because it negates the need for driver response to prevent or 

mitigate crash incidents. 

 

RECOMMENDATIONS 

1. If AD/DWS is pursued as a means of reducing EVCs for Corridor Q, VDOT should consider 

the sections denoted from the site selection process (as seen in Figure 10 and Table 3 and 

Table 5. The suitability of each ADS type provided by the vendors, based on the 

characteristics of each individual section. Focus should be placed on areas of higher 

apparent elk activity and EVC risk, such as Section 10 or Sections 11 through 14. 

2. If AD/DWS implementation is being considered for Corridor Q, the next steps should include 

engaging with vendors to arrange a site visit to produce a formal, site-specific proposal. 

3. VDOT should consider the benefit of including other strategies in combination with 

AD/DWS, such as fencing, VSL or other changeable message signs, and/or crossing 

structures, to maximize the overall effectiveness of AVC prevention/mitigation. 
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APPENDIX A 

Interview 1 [June 29, 2023] ï Marcel Huijser, Ph.D. 

The first interview was with Marcel Huijser, a senior research ecologist with the Western 

Transportation Institute, a transportation research center affiliated with Montana State 

University. Huijser has been involved with road ecology for nearly 30 years and is one of the 

leading authorities on the effects of roadways and vehicles on wildlife and vice versa. Huijser 

has been involved with myriad research reports and has extensive knowledge on AVC mitigation 

strategies.  

The conversation focused on the implementation of ADS on Corridor Q and how this 

compares to other possible mitigation strategies. Huijser noted that the research on the 

implementation of ADS is limited, and the survival rates of ADS projects are poor. Most projects 

are removed after a few years, and follow-on research is very limited once reports are completed. 

As such, Huijser could not recommend any state DOT to contact that he knew had previously 

used ADS as a mitigation strategy. He noted that the largest problem with most of the research 

on ADS implementation is the upkeep and maintenance. A lot of ADS are either removed, 

abandoned, or fall into disrepair once the research is complete. Huijser emphasized the 

importance of understanding the future of the systems once implemented, such as who will 

maintain the systems once they have been installed. 

The conversation continued with a discussion of other potential mitigation strategies. 

Huijser iterated that crossing structures, while costly, will be the best solution for most 

situations, as their effectiveness is much higher than any other strategy. Additionally, elk demand 

adequately sized crossing structures to encourage them to cross at these locations instead of 

continuing to cross the more open roadway.  

Huijser also discussed the importance of understanding the goal of any mitigation 

strategies utilized. For instance, strategies like fencing can inhibit an animalôs ability to travel 

within a habitat range and cut off migration paths, increasing what is known as the ñbarrier 

effectò that roadways already create merely by existing.  

The interview ended with Huijser emphasizing the importance of structuring the 

framework of the true goal of any AVC mitigation strategy. He expressed his concern that US-

based DOTs tend to have limited mission statements, and that many people do not realize how 

limited DOT goals are compared to other countries. Generally, other countries take a 

conservation-centered approach instead of a safety-centered one. While safety is important, it 

limits the scope to only looking at the impact of AVCs on drivers, and not the other way around. 

Huijser concluded with a suggestion to not be trapped by artificial boundaries, and that there 

must be a broader outlook when implementing these kinds of strategies. 

Interview 2 [July 17, 2023] ï Jeffrey Gagnon 

The second person interviewed was Jeffrey W. Gagnon, a statewide research biologist 

who has worked for the Arizona Game and Fish Department since 1997. Gagnon has previous 

experience implementing AD/DWS and wildlife crossings on Route 260 in Arizona and Route 

550 in New Mexico (Cramer, et al., 2022; Gagnon, et al., 2018). 
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When shown video for Corridor Q, Gagnon commented, ñYou have a windy road there, 

which is a big challenge if youôre not going to use fencing. [In lieu of wildlife crossings and 

fencing as a solution], my personal recommendation [as a cost-effective alternative] is a thermal 

system, fencing guiding animals to a small area where thermal can detect wildlife as they cross 

the road.ò Gagnon discussed the advantages of thermal systems, which he had previously used in 

Arizona, and how they are effective for detecting larger animals, such as elk. Regarding this 

technology, Gagnon said,  

The sensing limits in the area are controlled effectively 50ï100 ft wide. Without 

fencing you must put in more sensors, and your error potential goes up exponentially 

the further you pull away from an area. Without sensing, youôre going to run into 

some hiccups. The larger the area, the harder it is to deal with it. 

The thermal systems, we spent a lot of time dealing with false positives and false 

negatives. The thermals could see mice, which is incredible. We put a filter on it so 

ñcoyote sizeò animals or larger would set it off so not all animals would cause 

flashing. Then the accuracy became extremely high 90%+ [for elk]. It can detect one-

degree heat changes. There are multiple criteria that make the thermal system know 

itôs a [particular animal], such as size, changes in heat, motion, and more. If [the 

ADS] has all ñtrues,ò the flashing [on the DWS] turns on. If it has even one ñfalse,ò 

it will not turn on. The thermal component is the key component, but itôs really the 

software that runs everything. 

When asked about a vendor, Gagnon responded, ñThis system is a CrossTek system. If 

the detection area is too wide, then the elk look like rabbits to the system and itôs harder to filter 

out. They can be very accurate systems as far as picking stuff up.ò Regarding potential issues 

with this system, Gagnon remarked, 

This system does not seem to tolerate high wind well; it makes the poles vibrate and 

changes the ómotionô of the thermal reader. I feel most confident with thermal based 

on what I saw. They were mounted 12 ft off the ground. You would need a stable 

mount; they didnôt have issues in Arizona but New Mexico it would rip signs off, very 

windy.  

Gagnon mentioned monitoring areas where the fencing ended.  

For that project (Route 260 Elk Crosswalk), we had a series of wildlife crossings, 

such as underpasses, for elk and other wildlife. Where the fence ended, it caused an 

end-run effect. So, we put in an animal detection system at that location. So, if 

animals didnôt use the underpasses, there would be a detection system there to alert 

drivers instead. New Mexico implemented one there as well. Two ADS on the end of 

fences that guide animals to existing structures. 

When asked about escape structures, Gagnon responded, ñYeah, for elk we always do it. 

At a minimum every half mile, to make sure they have opportunities to get out.ò 

Gagnon highlighted the challenge of securing maintenance responsibilities, saying,  
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Because detection systems still have their growing pains, maintenance orgs are not 

too keen on it. Itôs a hard sell. Our system went in 2007, but weôve upgraded it. Weôve 

been trying to get A-DOT to take over maintenance but havenôt. The company who 

made the system ended up taking over the maintenance for much of the duration of 

the systems existence. DOTs donôt want to maintain, and that can be a dealbreaker. 

Maintenance can kill it in many cases. 

 Gagnon mentioned other potential issues such as hacking and vandalism. ñWe have seen 

systems get shot a couple of times. We had someone break into our variable message system and 

type in something,ò he stated. 

Gagnon shared his experience with vendors.  

Iôve worked with ElectroBraid, which separated into two companies. I kept working 

with one of the companies, CrossTek, and there were hiccups, but they seem to be 

good about going back and adapting if things arenôt working. I donôt want to claim 

that everything is going to go smoothly. Itôs a learning curve for us and the vendors. 

Detection systems are so unique to the situation youôre in. There isnôt really a one-

size fits all for this sort of thing. 

When discussing alternatives to electrified mats in snowy regions, J.W. Gagnon reported, 

"Thereôs a product out there thatôs working relatively well: itôs electrified concrete, itôs 

something to keep in the back of your mind. The concrete is a little harder to damage." 

ñI havenôt heard any long-term happy solutions using it,ò Gagnon shared when asked about 

break-the-beam. When discussing lidar Gagnon stated, ñIt has promise but has limitations on 

distance and needs more work.ò 

He closed by noting,  

I am personally reluctant to put any detection system on a 4-lane road. Mainly 

because of the speed, ~70 mph, for motorists. When we had our evaluations on 260, 

sometimes people would stop in the middle of the road to see the elk, and that caused 

serious issues with road safety. If this happened on a 4-lane road. someone could 

have gotten killed. So, itôs an important point to consider. 

Interview 3 [July 28, 2023] ï Chris Peguesse, Senstar 

The third interview was with Chris Peguesse, a consultant with Senstar, a vendor of 

advanced security systems. Senstar primarily focuses on perimeter security, such as for 

correctional facilities, airports, and manufacturing facilities. However, Peguesse has been the 

leader of a group within Senstar that focuses on the application of their equipment for the use of 

wildlife detection. During his time with Senstar, Peguesse has been working on the function of 

their Omnitrax product, a buried cable sensor designed for intrusion detection, as an ADS 

technology. Peguesse has experience working with agencies focusing on the use of Omnitrax as 

a BCADS solution and was one of the main points of contact with VTTI for ADS studies 

involving buried cables. In both studies, VTTI worked with Peguesse to ensure proper design 

and specifications for the areas in which the cables were laid (Druta & Alden, 2015; Druta & 
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Alden, 2019). Studies like these have helped Peguesse and Senstar to optimize the design of this 

product to be as functional as possible for this application. 

Peguesse explained that the Omnitrax product consists of a single central processor, with 

a cable length of up to 400 m in each direction, meaning up to 800 m of linear roadside detection 

is possible with one unit. This processor would remain above ground, while the cables would be 

buried between 6 and 12 in. underground. Material such as sand or flowable fill would cover the 

cables, and the earth would be laid on top. The system and any communications can be powered 

by an array of solar panels. 

Peguesse discussed the advantages of this type of system over other options. Because this 

type of technology functions by being buried underground, visibility-based challenges of above-

ground solutions, such as the prevalence of fog, wind, and reduced lines of sight due to road 

curvature, vegetation, or structures do not affect its operation. This advantage could mean that, in 

some areas along Corridor Q, BCADS could be the best, and possibly only, solution for animal 

detection. Additionally, the cable system has the added benefit of being able to discern the 

location of an animal along the length of roadway on which the system is installed. This could 

assist with understanding the movement of elk, as it was discussed how they appear to be 

travelling along the roadway, instead of merely crossing over, in some instances. 

The discussion also included challenges of utilizing BCADS. The presence of metallic 

structures like fencing or guardrails can require some consideration when placing the cables 

within the ground, as any metallic structure near the cable will cause the signal to be disrupted. 

However, Peguesse explained that strategic placement of any of these metallic structures can 

help to minimize any impact. Furthermore, the signal can even be boosted, as these structures are 

stationary and can be accounted for in the signal. The only concern, Peguesse explained, was the 

distance of the guardrails to the pavement, and whether they are close enough to cause the sensor 

to falsely detect passing vehicles. There is also a concern that burrowing wildlife might disturb 

the buried cable, but by encasing the cable in an impermeable material like flowable fill or 

sprayable concrete, these burrowing animals are highly discouraged from attempting to disturb 

the cabling. Additionally, while the cable can detect where along the detection zone an animal is, 

it cannot discern whether an animal is travelling from the roadside into the road, or vice versa. 

The discussion continued with addressing the presence of elk on Corridor Q. Peguesse 

explained that while the presence of elk does not preclude BCADS as a solution, due to their 

height and shape, the ability of a buried cable system to properly detect elk is hindered. Because 

their center of gravity is much higher than other large wildlife in the area, such as deer and bear, 

there will be less perturbation of the electromagnetic field, which could cause false negatives to 

become more prevalent. However, Peguesse explained that Senstar already knows how the 

system can be adjusted to account for this, as elk are similar in their center of mass to humans, 

which their company is familiar with for the other applications of their technologies. For 

instance, the cable could be buried at a 6-in. depth, or the sensorôs sensitivity could be increased. 

But these adjustments can cause challenges of their own, such as making it difficult to reduce the 

sensitivity enough to not detect wildlife too small to be considered a risk to drivers, but not so 

low that elk are not as reliably detected. Instead, Peguesse suggested that a berm, or a small, 

raised bank of earth, could be placed on top of a cable laid directly on, or slightly above, the 

existing ground surface, to drastically increase the area of detection. As elk approach the berm-
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inlaid cable, the detection field will ñseeò the elk much more easily, while not needing to 

increase the sensitivity, resulting in detection of fewer small animals. 

The meeting concluded with a discussion on what information VTTI could provide about 

the characteristics of Corridor Q to assist with the determination of the feasibility of using 

BCADS as an option. A buried cable has the benefit of functioning without too many challenges, 

and the challenges that do exist can be accounted for. However, some characteristics of the 

roadway do need to be considered more than above-ground solutions. Because this system needs 

to be buried in soil, the condition of the substrate needs to be understood; the cableôs ability to 

reliably detect wildlife requires a relatively uniform soil, with little to no air pockets or areas 

with large rocks. A berm avoids this issue, however, and should be considered as a good option 

for Corridor Q due to the uncertainty of the soil conditions. Beyond this, the location of 

guardrails and any other metallic material should be considered. It should be noted, however, 

that the presence of guardrails does not discount BCADS as a solution. Rather, the placement of 

either the cables or metallic material should be discussed with Senstar to ensure maximum 

detection efficiency while minimizing the chance of false positives due to passing vehicles. 

 

Interview 4 [August 8, 2023] ï Gert Hamberg, ProWild 

The fourth interview was with ProWild vendor, Gert Hamberg, who has 25 years of 

experience in the field. He has spent the last 10ï15 years focused on wildlife detection systems.  

He emphasized the importance of developing flexible wildlife detection systems. ñI keep 

developing wildlife detection systems since there is not one perfect wildlife detection system for 

all situations. You need to adapt to the situation. So, you need to be flexible with which 

technology is used based on the location,ò Hamberg remarked. 

When asked about animal detection, Hamberg responded,  

We use the standard platform to be able to control different types of detections. We 

have installed thermal, lidar, active infrared, passive infrared, and radar. We have 

access to all of them with the same controller. We are going to test lidar again next 

and see how it works. Weôve had other results, but technology has progressed so now 

we are expecting to get good results. 

Because [the elk] stay on the road, you need additional technology to identify them 

and differentiate them from the cars. So passive infrared wonôt work alone as a 

detector, you must combine it with other technology. Only passive infrared is not 

recommendable. But, also depending on the area, if itôs more open it may work 

better. 

We have wireless connectivity over 5 km, [so] each time you need a new controller to 

control components, we can connect the components wirelessly if needed too. But the 

best will be a wired system, but it may not always be possible in a remote area. 

Thermal cameras can also look over 2 km and be able to detect specific animals. 

When asked about the performance of passive infrared systems in adverse weather 

conditions, Hamberg explained that,  
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Lidar is supposed to be very resilient to fog and rain and snow. Most of the systems 

we used are active infrared, and weôve added some passive infrared to our active-

infrared systems to make them safer. They have several functions such as heat 

detection. These systems can be sensitive to foggy conditions. 

When asked about potential vendors, Hamberg stated,  

We are cooperating with Animex in the US. The in-car capability is done with an 

American company as well. But we try to look for local partners if we can. Animex is 

also a fencing company and may be convenient. They can be multifunctional, and it 

can identify and count and detect speeds of the vehicles. Itôs very nice for the 

monitoring of the pilot. 

 

Interview 5 [August 11, 2023] ï Tim Hazlehurst, CrossTek 

The fifth  interview was a discussion with wildlife crossing vendor Tim Hazlehurst from 

CrossTek, with J.W. Gagnon listening in. Tim Hazlehurst shared his background with the 

research team,  

My background is animal science out of college, then I got into electric fencing and 

energizer design and  manufacturing starting in 1990. In 2009, I put on State Route 

216 in Arizona the first commercially hardened thermal system, I was aware of, with 

Jeff and his team conducting research to determine and validation accuracy. We 

successfully achieved the desired level of accuracy and also upgraded the system for 

DOT-standard applications, with easy maintenance and long life. We continued to 

work with thermal imaging as the main system. Getting the right types of sensors and 

software involved to turn them into accurate detection is a big deal. Off the shelf 

sensors without special "tuning" and correct sensor types for wildlife environments 

and wildlife detection to fail quickly. About a year ago, we launched our first radar-

based system in Colorado. Thereôs a new one with design complete that will be 

installed in Florida this Spring. Weôve taken engineering from the ground-up 

approach so we could develop the system in tandem with the transportation 

environment and adjusting the system over the years so that it works in multiple 

situations. As part of the total design we always consider; how the system will be 

maintained (our systems are autonomous and edge based for rapid response) and 

who will maintain, the environmental conditions and seasons, roadway information, 

objectives for accuracy, validation methods, key performance metrics in addition to 

detection accuracy, ease of data retrieval and retention, warranty service and more. 

Weôve brought all these factors together to create this system. 

When asked about finding the best AD/DWS solution, Hazlehurst responded,  

We took an engineering approach, instead of using systems off the shelf. I think thatôs 

doomed to failure. Weôre still learning as we install more radar systems. If you can 

take an engineering first approach, I think you will have more success than just 

ñtrying outò random sensors. It looks like you may have issues figuring out where the 

crossing will occur once the road is active, and some fun projects to figure out how 

you can control the wildlife and where they cross so you can optimize the sensors. If 
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you can do something that controls the movement of the animals, while targeting the 

bigger crossing areas, and considering what the driver will see, that will be the best 

approach. Motorists need good quality and timely information, so they have enough 

time to react to the situation. Again, I would consider a mobile-data-collection radar 

to test out different areas you are uncertain about committing to a permanent system. 

The conversation touched on the challenges of deploying sensors effectively. Hazlehurst 

explained,  

If youôre talking about lidar, radar, or thermal imaging, you need to have line of sight 

to where the animals are crossing. Ideally, we have the line of site prior to them 

crossing, because it can take some time to analyze any image regardless of if its lidar, 

radar, thermal, or another sensor. A lot of information goes into alerting the vehicle 

properly. We want to make sure the warning turns on early enough for the driver to 

get the signal in time. So, you need some clear space around the edges of the road 

and a line of site. We typically perform a pre-design site analysis to optimize sensor 

placement. 

I donôt know how much fencing youôll be able to do. But the sensors have a limited 

range. The radars we are using now have a radius of 1400 m in each direction. So, to 

maximize the distance of one radar you would want to see 1400 m on both sides of the 

road. We want to minimize the infrastructure and maximize the coverage of the area. 

Once traffic is put on this roadway it may change elk movement. One thing we are 

doing is putting radars on a mobile trailer. If you donôt have a static situation with 

crossing, you can use a mobile radar that gathers all the information and warns 

motorists of wildlife crossing. 

Hazlehurst explained that,  

For the Colorado project we were only involved in the detection and alerting 

motorists. There was a major migration occurring with elk, deer, and antelope. What 

they did was put in combinations of high fence sections and low fence sections. The 

high fence sections prevent animals from going into the roadway, but the low fence 

sections allowed wildlife to cross during their migration freely but prevented the 

cattle from crossing. Even if radar can see long distance, the sight line will be the 

limiting factor. You need enough clear land on both sides of the roadway. Typically, 

35 feet of clear area on each side is adequate. I do think itôs important where you can 

use fencing, to use it or to tie it to underpasses to manage the flow of animals. If we 

look at (passive) thermal imaging, one camera is maxed out at 200ï300 ft along the 

roadway If it loses too many pixels in the far regions of the field of view (beyond 300 

feet) the software has difficulty recognizing (computer learning) the animals. Passive 

thermal sensors are extremely sensitive and accurate. We can track small mice at 150 

feet. Itôs important to know what the range is on all these sensors. The weather 

matters too, some sensors will completely fail in certain weather conditions, and 

some will have a shorter range of accuracy depending on the weather. In heavy rain 

or snow, even high-quality thermal sensors and radar range will be reduced 10ï20%. 

This is true for every sensor. For lidar, it can go down to 10 ft of visibility in heavy 

snow. I donôt know a lot about buried cable sensors, but weôve eliminated it because 
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itôs too hard to calibrate in an environment where you could have snow, rain, 

moisture, and on/off ramps. 

Hazlehurst continued, 

What they did in Colorado, where the low and high fence connect, they have a 

perpendicular fence so that the animal canôt turn and get to the high fence and get 

stuck inside, and theyôve put in jump-outs in places where needed. They put white 

stripes on the road at the end of the perpendicular wing-fence taking the right-of-way 

section and fencing it off. They put in a bunch of large, angular rocks as well to 

prevent animals from wanting to approach that opening. Itôs all relatively new, less 

than a year, so the results will take some time to develop. 

The other studies Iôve been involved in, we found better success with cattleguard and 

electrified barrier than electrified barrier by itself. One thing we can offer you is our 

belief in sensors and our history with them. The thermal has a limited range, but good 

at the end of a fence situation or concentrated crossing. If itôs controlled up until that 

point, itôs great. Itôs good in all weather, and weôve had the most success. The radar 

is newer, we have another test in process in Nevada, so by the end of this year itôll be 

3 in the US. We mounted several different sensors on the same trailer. One 

opportunity is to try a radar or thermal imaging camera, and put it on a mobile 

platform and move it around to show the Virginia DOT what the capability is on 

those sensors based on weather, reliability, etc. You could collect data on a 

permanent solution before you implement it. You couldnôt do the buried cable on that, 

but maybe thereôs a solution there. 

When discussing different challenges for thermal and radar, Hazlehurst elaborated,  

So, the big thing is careful placement to optimize line of sight for both radar and 

thermal. The angle of declination matters. You can integrate different sensors to 

activate the same set of warning signs. If thereôs a small blind spot for the radar, you 

can use a thermal camera to cover that area, if itôs only blocking a couple hundred ft 

and tie it into the same system. 

Weôd be happy to help you with any sensors and create a mobile platform to provide 

you with the ability to gather data and present it going forward and show what works 

and what doesnôt along the roadway. Then you can show the DOT whatôs most 

effective in terms of accuracy, performance, and cost. Just a suggestion. Thermal is 

good for rain, fog, etc. Lidar is not good since it is dependent on light, but lidar can 

be great in certain conditions. 

When asked about estimating costs Hazlehurst answered, 

We would ask questions on what warranty and maintenance you want; do you want to 

be able to maintain it yourself, do you want it online, do you want data stored on site 

and to collect it, what data do you want to keep. If a DOT comes to us and tells us 

they want wildlife detection on a section. We go out and look at the specific area and 

do a preliminary report, which usually costs ~$10,000, we would look at the area, 

power sources, and talk to the stake holders to learn what they want and expect out of 

this system. I can send you the typical preliminary report outline to show the types of 
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questions we ask, but we usually need to go on site to look at what we are dealing 

with. But this is for a permanent installation, fixed in place. If we did a trailer, we set 

it up to handle all of that and move it around and calibrate it to that area. 

He ended the conversation by saying,  

I could give you a ballpark estimate on different projects without seeing the site. The 

track record of people who have just taken radars off the shelf and immediately 

implement them usually does not work well. Certain radar types are not good at 

seeing animal movement and some radars are not good at filtering out the 

background noise we see in the roadway environments. The cost of engineering is 

important because thatôs what makes it work. But yeah, I can give you the ballpark 

for each step. Some of these costs are based on the specific DOT requirements that 

vary from state to state. So, our costs can change based on what the DOT needs from 

us. Iôll send you the design sheet and put together some ballpark pricing together and 

maybe one-radar and one-thermal camera. 

Hazlehurst offered the following in closing, ñOne thing I wanted to mention is turning on 

signs at different times. The concern around habituation is a big one for human driving behavior, 

especially if the detection is not completely accurate.ò 

 

Interview 6 [August 17, 2023] ï Animex and ProWild 

The sixth interview was held with Steve Bega and Steve Mars from Animex, as well as 

Gert Hamberg from ProWild.  

Regarding funding, Mars mentioned,  

It would be good to see if they [VDOT] applied for grant money, if they did want 

overpasses/underpasses. If anyone applies for that money, theyôre going to get it. 

Franky, the time to do it is now when thereôs no hindrance for equipment. The biggest 

cost will be to close an active roadway, versus a roadway that isnôt open yet. In 

Arizona and Colorado, they are doing a huge initiative, 300 million dollars of putting 

in underpasses, jump outs, and large fence at I-15 Colorado. They have had too many 

fatalities with humans and elk. 

Bega emphasized that Animex could provide support in various capacities. He continued,  

Weôve been in this game for years now, across the world, so weôve seen it all and 

committed to renovation and making sure any project has the best equipment 

considered and implemented within the budget. It can be the concept phase, pilot, 

completion. There is no one size fits all for ADS. The location, budget, and elk pattern 

are going to matter immensely. 

Hamberg agreed and asked,  

What sections of this road are going to be protected by this technology? What do 

these sections look like so we can see what technology would fit best on those 

sections, geography matters? We provide systems and have several types. First 2 km 

thermal camera and radar should be the first items. Thermal cameras should also set 
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parameters to determine certain areas that need to be detected. If you change the 

position of a camera you need to reset the parameters. For the components we can 

get some estimated pricing, but power can change price significantly, so we can give 

that to you without powering, then can add solar panels later. 

When asked about wind and fog conditions, Hamberg mentioned, ñIf you had fencing, 

active infrared would be an option. Also, because of the fog it may be better to use thermal for 1 

km [rather] than 2 km, because itôll be more vulnerable to fog.ò 

Hamberg mentioned that if we ñhave two types of technology, we can add them to our 

main controller. So that may be a good option to save money on controllers.ò 

 

Interview 7 [September 26, 2023] ï Gary Lester, MBP 

Gary Lester has worked with MBP as a service executive in the Abingdon office for the 

last 3 years. Prior to that, he worked for 30 years at VDOT, and for the last 10 he was the district 

bridge engineer. It was suggested to the research team to reach out to Lester to discuss the 

various costs when installing systems and hardware along the roadside. 

When asked about getting quotes for pricing, Lester said,  

I think it would be advantageous to get this data from different vendors and systems. 

One company could be considered for something and not another. Once you get that 

info together would be helpful so we wouldnôt have to go out to make an estimate. 

Thereôs probably not a lot of data out on these types of systems. Itôs pretty new 

technology. It would help to have that information up front. 

This way his team would not have to talk to the same vendors that were already 

interviewed. 

When asked about what information is needed for a cost estimate, Lester said, ñThe 

specification on the installation procedures for each equipment, so we can know what equipment 

is needed from us.ò When asked if VDOT would need a permit, Lester responded, ñVDOT 

would have to do the environmental permit, but no construction permits.ò 
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APPENDIX B 

Project Definition Report, Provided by CrossTekCo, Used to Create Informational Packet 

for Vendors 
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APPENDIX C 

Informational Packet of Site Selection Characteristics and Criteria provided to vendors 

tǊƻōƭŜƳ 5ŜŬƴƛǝƻƴ 

¢ƘŜ /ƘŀƭƭŜƴƎŜ 
/ƻǊǊƛŘƻǊ vΣ ŀ ƴŜǿ мпπƳƛƭŜ ǊƻŀŘǿŀȅ ƛƴ ŀ ǊǳǊŀƭ ŀǊŜŀ ƻŦ ǎƻǳǘƘǿŜǎǘ ±ƛǊƎƛƴƛŀ ƛǎ ƴŜŀǊƛƴƎ ŎƻƳǇƭŜǝƻƴΦ /ƻƴŎŜǊƴǎ 

ƘŀǾŜ ōŜŜƴ ŜȄǇǊŜǎǎŜŘ ŀōƻǳǘ ƛǘǎ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ƭƻŎŀƭ ǿƛƭŘƭƛŦŜΣ ǇǊƛƳŀǊƛƭȅ ŀ ǊŜŎŜƴǘƭȅ ƛƴǘǊƻŘǳŎŜŘ ǇƻǇǳƭŀǝƻƴ ƻŦ 

ŜƭƪΦ 5ǳŜ ǘƻ ǘƘŜ ƭƛƳƛǘŜŘ ŀǾŀƛƭŀōƭŜ ƛƴŦƻǊƳŀǝƻƴ ŀōƻǳǘ ǾŜƘƛŎƭŜ ŀŎǝǾƛǘȅ ŀƴŘ Ƙƻǿ ǘƘŜ ƭƻŎŀƭ ǿƛƭŘƭƛŦŜΣ ǇŀǊǝŎǳƭŀǊƭȅ 

ǘƘŜ ŜƭƪΣ Ƴŀȅ ǊŜŀŎǘ ǘƻ ǘƘŜ ǎǳŘŘŜƴ ƛƴŎǊŜŀǎŜ ƻŦ ǇǳōƭƛŎ ǘǊŀŶŎ ƻƴŎŜ ǘƘŜ ǊƻŀŘǿŀȅ ƛǎ ƻǇŜƴ ǘƻ ǘƘŜ ǇǳōƭƛŎΣ ǘƘŜǊŜ 

ƛǎ ƳǳŎƘ ǳƴƪƴƻǿƴ ŀōƻǳǘ ǿƘŀǘ ǿƛƭŘƭƛŦŜ ŎƻƴƅƛŎǘ ƳƛǝƎŀǝƻƴ ǎǘǊŀǘŜƎƛŜǎ ǿƛƭƭ ǿƻǊƪ ōŜǎǘΦ Lƴ ǘƘƛǎ ǎǘǳŘȅΣ ǿŜ ŦƻŎǳǎ 

ƻƴ ǘƘŜ ŦŜŀǎƛōƭŜ ǇƻǘŜƴǝŀƭ ƻŦ ǳǎƛƴƎ ŀƴƛƳŀƭ ŘŜǘŜŎǝƻƴ ǎȅǎǘŜƳǎ ŀƭƻƴƎ ǘƘŜ ǊƻŀŘǿŀȅ ǘƻ ŀƭŜǊǘ ŘǊƛǾŜǊǎ ŀǎ ŀ Ŏƻǎǘπ

ŜũŜŎǝǾŜ ƳŜŀǎǳǊŜ ǘƻ ƘŜƭǇ ƳƛǝƎŀǘŜ ǇƻǘŜƴǝŀƭ ŎƻƴƅƛŎǘǎ ƻŎŎǳǊǊƛƴƎ ƻƴ /ƻǊǊƛŘƻǊ v ōŜŦƻǊŜ ǘƘŜ ǊƻŀŘǿŀȅ ƛǎ 

ƻǇŜƴŜŘΦ 

/ƻƭƭƛǎƛƻƴ 5ŀǘŀκLƴŦƻǊƳŀǝƻƴ 
!ǎ ǘƘƛǎ ƛǎ ŀ ƴŜǿ ǊƻŀŘǿŀȅ ōŜƛƴƎ ŎƻƴǎǘǊǳŎǘŜŘ ƛƴ ǘƘŜ ŀǊŜŀΣ ǘƘŜǊŜ ƛǎ ƴƻ ƘƛǎǘƻǊƛŎ ŎǊŀǎƘ Řŀǘŀ ǘƻ ǊŜŦŜǊŜƴŎŜΦ 5ǳŜ 

ǘƻ ƛǘǎ ǳƴǳǎǳŀƭ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ όŜΦƎΦΣ ǊŜƭŀǝǾŜ ƅŀǘƴŜǎǎΣ ƘƛƎƘŜǊ ǇǊƻǇƻǎŜŘ ǎǇŜŜŘ ƭƛƳƛǘΣ ƘƛƎƘŜǊ ŜȄǇŜŎǘŜŘ ǾŜƘƛŎƭŜ 

ǘǊŀŶŎΣ ŘƛũŜǊŜƴŎŜ ƛƴ ƭƛƴŜ ƻŦ ǎƛƎƘǘύ ǾŜǊǎǳǎ ƴŜŀǊōȅ ǊƻŀŘǿŀȅǎΣ ƛǘ ƛǎ ŘƛŶŎǳƭǘ ǘƻ ǇǊŜŘƛŎǘ ǿƘŀǘ ǘƘŜ ŎǊŀǎƘ Řŀǘŀ ǿƛƭƭ 

ƭƻƻƪ ƭƛƪŜ ŀƭƻƴƎ ǘƘƛǎ ǊƻŀŘǿŀȅ ŎƻƳǇŀǊŜŘ ǘƻ ƻǘƘŜǊ ǊƻŀŘǿŀȅǎ ƛƴ ǘƘŜ ǎŀƳŜ ŀǊŜŀΦ 

²ƛƭŘƭƛŦŜ {ǇŜŎƛŜǎ ƛƴ ǘƘŜ !ǊŜŀ 
¢ƘŜǊŜ ŀǊŜ Ƴŀƴȅ ƭŀǊƎŜ ŀƴŘ ƳŜŘƛǳƳ ŀƴƛƳŀƭ ǎǇŜŎƛŜǎ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ŀǊŜŀΣ ƛƴŎƭǳŘƛƴƎ ōŜŀǊΣ ŘŜŜǊΣ ŦƻȄΣ ǘǳǊƪŜȅΣ 

ŀƴŘ ōƻōŎŀǘΦ ¢ƘŜ Ƴƻǎǘ ƴƻǘŀōƭŜΣ ƘƻǿŜǾŜǊΣ ƛǎ ŀ ǇƻǇǳƭŀǝƻƴ ƻŦ Ŝƭƪ ǘƘŀǘ ǿŀǎ ƛƴǘǊƻŘǳŎŜŘ ƻǾŜǊ ŀ ŘŜŎŀŘŜ ŀƎƻ ƛƴ 

ŀ ƴŜŀǊōȅ ƭƻŎŀǝƻƴΦ ¢ƘŜ ƘŜǊŘ Ƙŀǎ ƅƻǳǊƛǎƘŜŘ ǎƛƴŎŜ ƛǘǎ ƛƴǘǊƻŘǳŎǝƻƴ ǘƻ ǘƘŜ ŀǊŜŀ ŀƴŘ Ƙŀǎ ōŜŜƴ ƻōǎŜǊǾŜŘ 

ƳƛƎǊŀǝƴƎ ǘƻǿŀǊŘǎ /ƻǊǊƛŘƻǊ v ŦǊƻƳ ŀ ƭƻŎŀǝƻƴ ǎƻǳǘƘ ƻŦ ǘƘŜ ǊƻŀŘǿŀȅΦ !ŎŎƻǊŘƛƴƎ ǘƻ Dt{ ŎƻƭƭŀǊ ǘǊŀŎƪƛƴƎ 

ŘŀǘŀΣ ǘƘŜ Ŝƭƪ ŀǊŜ ŦǊŜǉǳŜƴǘƭȅ ŀŎǝǾŜ ƴŜŀǊ ǘƘŜ ǊƻŀŘǿŀȅΣ ŀƴŘ ǘƘŜȅ ŀǇǇŜŀǊ ǘƻ ōŜ ǳǎƛƴƎ ƛǘ ŀǎ ǘƘŜƛǊ 

ƘŀōƛǘŀǘκƳƛƎǊŀǝƻƴ ŀǊŜŀΦ ¢ƘŜǎŜ ŀƴƛƳŀƭǎ ŀǊŜ ŀ ǇŀǊǝŎǳƭŀǊ ŎƘŀƭƭŜƴƎŜ ŦƻǊ ǿƛƭŘƭƛŦŜπǾŜƘƛŎƭŜ ŎƻƴƅƛŎǘ ƳƛǝƎŀǝƻƴ 

ŘǳŜ ǘƻ ǘƘŜƛǊ ǎƛȊŜΣ ŀǇǇŀǊŜƴǘ ƛƴŘƛũŜǊŜƴŎŜ ǘƻǿŀǊŘǎ ǇŀǎǎƛƴƎ ǾŜƘƛŎƭŜǎΣ ŀƴŘ ǘŜƴŘŜƴŎȅ ǘƻ ŦǊŜǉǳŜƴǘƭȅ ƎǊŀȊŜ ƻƴ 

ǘƘŜ ƭƻǿπƎǊƻǿƛƴƎ ǾŜƎŜǘŀǝƻƴ ƴŜŀǊ ǘƘŜ ǊƻŀŘǿŀȅΦ 

¢ŜƳǇƻǊŀƭ LƴŦƻǊƳŀǝƻƴ 
²ƛƭŘƭƛŦŜ Ƙŀǎ ōŜŜƴ ǎŜŜƴ ŀƭƻƴƎ ǘƘŜ ǊƻŀŘǿŀȅ ŀǘ ŀƭƭ ǝƳŜǎ ƻŦ ǘƘŜ Řŀȅ ŀƴŘ ȅŜŀǊΦ IƻǿŜǾŜǊΣ ǘƘŜ Ŝƭƪ ǇƻǇǳƭŀǝƻƴΩǎ 

Dt{ ŎƻƭƭŀǊ ǘǊŀŎƪƛƴƎ Řŀǘŀ ǎƘƻǿǎ ǘƘŀǘ ǘƘŜȅ ŀǊŜ ƳƻǊŜ ŀŎǝǾŜΣ ŀƴŘ ǘŜƴŘ ǘƻ ŎƻƴƎǊŜƎŀǘŜ ƴŜŀǊ ǘƘŜ ǊƻŀŘǿŀȅΣ ƛƴ 

ōƻǘƘ ǘƘŜ Ŧŀƭƭ ŀƴŘ ǿƛƴǘŜǊ ƳƻƴǘƘǎ ŀƴŘ ŘǳǊƛƴƎ ǎǳƴǎŜǘ ŀƴŘ ŀǘ ƴƛƎƘǘΦ 

/ƻǾŜǊŀƎŜ !ǊŜŀ 
aƻǎǘΣ ƛŦ ƴƻǘ ŀƭƭΣ ƻŦ ǘƘŜ ǊƻŀŘǿŀȅ ǎƘƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀƴ ŀǊŜŀ ƻŦ ŎƻƴŎŜǊƴ ŦƻǊ ǿƛƭŘƭƛŦŜ ŀŎǝǾƛǘȅΦ IƻǿŜǾŜǊΣ ŀƴ 

ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǊƻŀŘǿŀȅ ǎƘƻǿǎ ǘƘŀǘ ǎŜǾŜǊŀƭ ƭƻŎŀǝƻƴǎ Ŏŀƴ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀǊŜŀǎ ƻŦ ƘƛƎƘŜǊ ŀŎǝǾƛǘȅΣ ŀƭƭ ƻŦ 

ǿƘƛŎƘ ŀǊŜ ŘŜǘŀƛƭŜŘ ƛƴ ǘƘŜ {ƛǘŜ {ŜƭŜŎǝƻƴ ǇƻǊǝƻƴ ƻŦ ǘƘƛǎ ǇŀŎƪŜǘΦ !ǊŜŀǎ ŀƭƻƴƎ ǘƘŜ ǊƻŀŘǿŀȅ ǊŀƴƎŜ ŦǊƻƳ ƭƻǿ 

ǘƻ ǾŜǊȅ ƘƛƎƘ ŀŎǝǾƛǘȅΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ƭƻŎŀǝƻƴΣ ǎǘŀǘŜ ƻŦ ǘƘŜ ǊƻŀŘǎƛŘŜΣ ŀŎŎŜǎǎ ǘƻ ǾŜƎŜǘŀǝƻƴΣ ǘƻǇƻƎǊŀǇƘȅΣ ŀƴŘ 

ƻǘƘŜǊ ŦŀŎǘƻǊǎΦ 

{ƛǘŜ ¢ƻǇƻƎǊŀǇƘȅΣ [ƛƴŜǎ ƻŦ {ƛƎƘǘΣ ŀƴŘ {ƛǘŜ /ƻƴǎǘǊŀƛƴǘǎ 
Lƴ ǎƻƳŜ ƻŦ ǘƘŜ ǎŜŎǝƻƴǎ ƻŦ ƘƛƎƘŜǊ ŀŎǝǾƛǘȅΣ ŀǊŜŀǎ ŀǊŜ ǿƛŘŜǊΣ ƅŀǧŜǊΣ ŀƴŘ ƳƻǊŜ ŀŎŎŜǎǎƛōƭŜΣ ōǳǘ ƻǘƘŜǊ ŀǊŜŀǎ 

ŀǊŜ Ŏǳǘ ƻũ ŀƴŘ ƳƻǊŜ ŘƛǎŎǊŜǘŜΦ {ƻƳŜ ŀǊŜŀǎ Ƴŀȅ ƘŀǾŜ Ƙƛƭƭǎ ǿƛǘƘ ǎǘŜŜǇ ƎǊŀŘŜǎ ǘƘŀǘ ŜƛǘƘŜǊ ƛƴŎƭƛƴŜ ƻǊ ŘŜŎƭƛƴŜ 
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ǎƘƻǊǘƭȅ Ǉŀǎǘ ǘƘŜ ǎƛŘŜ ƻŦ ǘƘŜ ǊƻŀŘǿŀȅΣ ŀƴŘ ǎƻƳŜ ƘŀǾŜ ƘƛƎƘ Ŏƭƛũǎ ƻƴ ƻƴŜ ƻǊ ōƻǘƘ ǎƛŘŜǎ ƻŦ ǘƘŜ ǊƻŀŘǿŀȅΣ 

ŎŀǳǎƛƴƎ ƭƛƴŜ ƻŦ ǎƛƎƘǘ ƻōǎǘǊǳŎǝƻƴ ŀƴŘ ǇǊŜǎŜƴǝƴƎ ŎƘŀƭƭŜƴƎŜǎ ŦƻǊ ŘŜǘŜŎǝƻƴ ǎȅǎǘŜƳ ƭƻŎŀǝƻƴΦ {ƻƳŜ ǎƛǘŜǎ 

ōƭŜƴŘ ƛƴǘƻ ǘƘŜ ƴŜȄǘ ǎƛǘŜΣ ǿƛǘƘ ǘƘŜ ƻƴƭȅ ǾŀǊƛŀōƭŜ ōŜƛƴƎ ǘƘŜ ƭƛƴŜ ƻŦ ǎƛǘŜΣ ŘǳŜ ǘƻ ǘƘŜ ŎǳǊǾŀǘǳǊŜ ƻŦ ǘƘŜ ǊƻŀŘǿŀȅΦ 

aƻǊŜ ƛƴŦƻǊƳŀǝƻƴ ƻƴ ŜŀŎƘ ǎƛǘŜΩǎ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƛǎ ǇǊƻǾƛŘŜŘ ƛƴ ǘƘŜ {ƛǘŜ {ŜƭŜŎǝƻƴ ǇƻǊǝƻƴ ƻŦ ǘƘƛǎ ǇŀŎƪŜǘΦ 

{ƛƎƴƛƴƎ {ǘǊŀǘŜƎȅ 
¢ƘŜ Ǝƻŀƭ ƻŦ ǘƘƛǎ ŀƴŀƭȅǎƛǎ ƛǎ ǘƻ ŬƴŘ ǘƘŜ ōŜǎǘ ǎȅǎǘŜƳ ǘƻ ǿŀǊƴ ŘǊƛǾŜǊǎ ŀǎ ŀƴƛƳŀƭǎ ŀǊŜ ŀǇǇǊƻŀŎƘƛƴƎΣ ƴŜŀǊΣ ƻǊ 

ǿƛǘƘƛƴ ǘƘŜ ǊƻŀŘǿŀȅ ƛǘǎŜƭŦΦ ¢Ƙƛǎ Ƴŀȅ ƛƴŎƭǳŘŜ ƅŀǎƘƛƴƎ ƭƛƎƘǘǎΣ ƛƳŀƎŜǊȅΣ ǎǳŎŎƛƴŎǘ ƭƛƎƘǘπǳǇ ƳŜǎǎŀƎŜ ōƻŀǊŘǎΣ ƻǊ 

ƻǘƘŜǊ ƻǇǝƻƴǎ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ǎƛƎƴŀƎŜ ƴŜŀǊ ǘƘŜ ǊƻŀŘǿŀȅΦ 

{ǘŀǝŎ LƳŀƎŜǊȅ 
5ƛǎŎǳǎǎƛƻƴǎ ǿŜǊŜ ƘŜƭŘ ǊŜƎŀǊŘƛƴƎ ǿƘŀǘ ǎƛƎƴŀƎŜ ǎƘƻǳƭŘ ōŜ ǳǎŜŘΦ /ƻƴŎŜǊƴǎ ǿŜǊŜ ŜȄǇǊŜǎǎŜŘ ǘƘŀǘ ƛŦ ǎǇŜŎƛŬŎ 

ƛƳŀƎŜǎ ƻŦ ŀƴƛƳŀƭǎ ǿŜǊŜ ƻƴ ŀ ǎƛƎƴ ŀƭƻƴƎ ǘƘƛǎ ǊƻŀŘǿŀȅΣ ǎǳŎƘ ŀǎ ŀƴ ƛƳŀƎŜ ŘŜǇƛŎǝƴƎ ǘƘŜ ǇǊƻŬƭŜ ƻŦ ŀƴ ŜƭƪΣ 

ǘƘŀǘ ǇŜƻǇƭŜ ǿƛǘƘ ƴŜŦŀǊƛƻǳǎ ƛƴǘŜƴǘ ŎƻǳƭŘ Ǉƻǎǎƛōƭȅ ŜȄǇƭƻƛǘ ǘƘƛǎ ƛƴŦƻǊƳŀǝƻƴ ǘƻ ƭŜŀǊƴ ǿƘŜǊŜ ŎŜǊǘŀƛƴ ǎǇŜŎƛŜǎ 

ǘŜƴŘ ǘƻ ŎƻƴƎǊŜƎŀǘŜ ŀƴŘ ǳǎŜ ǘƘŜ ƛƴŦƻǊƳŀǝƻƴ ǘƻ ǇƻŀŎƘ ƻǊ ƻǘƘŜǊǿƛǎŜ ƘŀǊƳ ǘƘŜǎŜ ŀƴƛƳŀƭǎΦ 9ƭƪ ŀǊŜ ŀ 

ǇǊƻǘŜŎǘŜŘ ǎǇŜŎƛŜǎ ƛƴ ±ƛǊƎƛƴƛŀΣ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ŀ ƎŜƴŜǊƛŎ ǿƛƭŘƭƛŦŜ ƛƳŀƎŜΣ ŀƴŘκƻǊ ŀ ƎŜƴŜǊƛŎ ƳŜǎǎŀƎŜ ǎǳŎƘ ŀǎ 

άǿƛƭŘƭƛŦŜ ŘŜǘŜŎǘŜŘέ ƛǎ ƭƛƪŜƭȅ ǘƻ ōŜ ŀ ōŜǧŜǊ ƻǇǝƻƴ ǘƘŀƴ ǎǇŜŎƛŜǎπǎǇŜŎƛŬŎ ǎƛƎƴŀƎŜΦ 

{ŜƴǎƻǊ [ŀȅƻǳǘ 
¢ƘŜ ǿŀȅ ƛƴ ǿƘƛŎƘ ŀƴȅ ǎŜƴǎƻǊǎ ŀǊŜ ƭŀƛŘ ƻǳǘ ŀƭƻƴƎ ǘƘŜ ǊƻŀŘǿŀȅ ǿƛƭƭ ƭƛƪŜƭȅ ǾŀǊȅ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǎŜŎǝƻƴΦ 

!ŎŎƻǊŘƛƴƎƭȅΣ ǿŜ ŘŜǘŜǊƳƛƴŜŘ ǿƘŜǊŜ ǘƘŜǎŜ ǇƻǎǎƛōƭŜ ŎǊƻǎǎƛƴƎ ƭƻŎŀǝƻƴǎ ŀǊŜ ƭƛƪŜƭȅ ǘƻ ōŜΣ ǿƘŀǘ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ 

ǘƘŜȅ ŎƻƴǘŀƛƴΣ ŀƴŘ Ƙƻǿ ǘƘŜȅ ŎƻƳǇŀǊŜκŎƻƴǘǊŀǎǘ ǘƻ ƻǘƘŜǊ ǎŜŎǝƻƴǎΦ /ŜǊǘŀƛƴ ŀƴƛƳŀƭ ŘŜǘŜŎǝƻƴ ǎȅǎǘŜƳ ǎŜƴǎƻǊ 

ǘȅǇŜǎΣ ǎǳŎƘ ŀǎ ǘƘŜǊƳŀƭ ƛƳŀƎŜǊȅΣ ǊŀŘŀǊΣ ōǳǊƛŜŘ ŎŀōƭŜǎΣ ƻǊ ƻǘƘŜǊ ŎƻƴǎƛŘŜǊŀǝƻƴǎΣ Ƴŀȅ ŦŀǊŜ ōŜǧŜǊ ǘƘŀƴ ƻǘƘŜǊǎ 

ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ƭƻŎŀǝƻƴΦ 

tƻǿŜǊ !Ǿŀƛƭŀōƛƭƛǘȅ κ /ƻƴƴŜŎǝǾƛǘȅ 

DǊƛŘŘŜŘ Ǿǎ hũπƎǊƛŘ tƻǿŜǊ 
/ǳǊǊŜƴǘƭȅΣ ǘƘŜǊŜ ŀǊŜ ŦŜǿ ǘƻ ƴƻ ǇǊƻǇƻǎŜŘ ŎƻƴƴŜŎǘŜŘ ǇƻǿŜǊ ǎƻǳǊŎŜǎΦ Lƴ ŀƭƭ ƭƻŎŀǝƻƴǎΣ ǎǘŀƴŘŀƭƻƴŜ ǇƻǿŜǊΣ 

ǎǳŎƘ ŀǎ ǎƻƭŀǊ ƻǊ ƻǘƘŜǊǿƛǎŜΣ ǎƘƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ǇƻǿŜǊƛƴƎ ǘƘŜ ǎȅǎǘŜƳǎΦ /ŀǊŜŦǳƭ 

ŎƻƴǎƛŘŜǊŀǝƻƴ ǎƘƻǳƭŘ ōŜ ǘŀƪŜƴ ŀǎ ǘƻ ǘƘŜ ŜȄŀŎǘ ƭƻŎŀǝƻƴ ǿƛǘƘƛƴ ŀ ǎŜŎǝƻƴΤ ǎƻƳŜ ŀǊŜŀǎ Ƴŀȅ ōŜ ŎƘŀƭƭŜƴƎƛƴƎ 

ŦƻǊ ǎƻƭŀǊ ǇƻǿŜǊΣ ŀǎ ƘƛƎƘ ŎƭƛũǎκƘƛƭƭǎ Ŏŀƴ ƻōǎŎǳǊŜ ǘƘŜ ǎǳƴ ƛƴ ǘƘŜ ŜŀǊƭȅ ƳƻǊƴƛƴƎΣ ƭŀǘŜ ŜǾŜƴƛƴƎΣ ƻǊ ōƻǘƘΦ  

wŜƳƻǘŜ /ƻƴƴŜŎǝǾƛǘȅ 
CƻǊ Řŀǘŀ ŎƻƭƭŜŎǝƻƴ ŀƴŘ ƻōǎŜǊǾŀǝƻƴŀƭ ǇǳǊǇƻǎŜǎΣ ǿŜ ǿƻǳƭŘ ƭƛƪŜ ǘƻ ŎƻƴǎƛŘŜǊ ǘƘŜ ǳǎŜ ƻŦ ǊŜƳƻǘŜ ŎƻƴƴŜŎǝǾƛǘȅ 

ŀƴŘ ƛƴŎƭǳŘŜ ǘƘŀǘ ƻǇǝƻƴ ƛƴ ŀ Ŏƻǎǘ ŜǎǝƳŀǘŜΦ 

/ƻƴŎŜǇǘ ƻŦ hǇŜǊŀǝƻƴǎ 

{ȅǎǘŜƳ hǇŜǊŀǝƻƴ 
¢ƘŜ ǇǊƛƳŀǊȅ ŦǳƴŎǝƻƴ ƻŦ ƻǇŜǊŀǝƻƴ ƛǎ ǘƻ ǿŀǊƴ ŘǊƛǾŜǊǎ ƻŦ ǿƛƭŘƭƛŦŜ ŎƭƻǎŜ ǘƻ ǘƘŜ ǊƻŀŘǿŀȅΦ !ǎ ǇŀǊǘ ƻŦ Ǉƛƭƻǘ 

ǘŜǎǝƴƎΣ ŀƴŘ ƛŦ ǘƘŜǊŜ ŀǊŜ ǇƻǎǎƛōƭŜ Ǉƭŀƴǎ ŦƻǊ Ŧƻƭƭƻǿπƻƴ ƛƳǇƭŜƳŜƴǘŀǝƻƴΣ ŀŎŎŜǎǎ ǘƻ ŀƴȅ ǊŜǇƻǊǘǎ ƻƴ ǘƘŜ Řŀǘŀ 

ŎƻƭƭŜŎǘŜŘ ǎƘƻǳƭŘ ŀƭǎƻ ōŜ ŎƻƴǎƛŘŜǊŜŘΣ ƛŦ ŀǾŀƛƭŀōƭŜΣ ǘƻ ŜȄŀƳƛƴŜ ŦƻǊ ŀƴȅ ƛƴŘƛŎŀǘƻǊǎ ƻŦ ƘƛƎƘ ŦŀƭǎŜπǇƻǎƛǝǾŜ ƻǊ 

ŦŀƭǎŜπƴŜƎŀǝǾŜ ǊŀǘŜǎΦ 

²Ƙƻ ǿƛƭƭ ƛƴǘŜǊŀŎǘ ǿƛǘƘ ǘƘŜ ǎȅǎǘŜƳΚ 
¢ƘŜ ±ƛǊƎƛƴƛŀ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ¢ǊŀƴǎǇƻǊǘŀǝƻƴ ό±5h¢ύ ǿƛƭƭ ǘŀƪŜ Ŧǳƭƭ ŎƻƴǘǊƻƭ ƻŦ ǘƘŜ ǎȅǎǘŜƳǎ ƻƴŎŜ ǘƘŜȅ ŀǊŜ Ŧǳƭƭȅ 

ƛƳǇƭŜƳŜƴǘŜŘΦ  
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{ƛǘŜ 5ŜǎƛƎƴ 
¢Ƙƛǎ ǊƻŀŘǿŀȅ ǿƛƭƭ ōŜ ŀ ǇŀǊǘ ƻŦ ǘƘŜ ¦{πпсл ƘƛƎƘǿŀȅΣ ǿƘƛŎƘ ŎƻƴƴŜŎǘǎ ǎƻǳǘƘǿŜǎǘ ±ƛǊƎƛƴƛŀ ǘƻ YŜƴǘǳŎƪȅΦ ¢ƘŜ 

ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǎǘŀƴŘŀǊŘǎ ǎƘƻǳƭŘ Ŧƻƭƭƻǿ ǿƘŀǘŜǾŜǊ ǎǘŀƴŘŀǊŘǎ ŎǳǊǊŜƴǘƭȅ ŜȄƛǎǘ ŦƻǊ ¦{ IƛƎƘǿŀȅǎ ǿƛǘƘƛƴ 

±ƛǊƎƛƴƛŀΦ 

LƳǇƭŜƳŜƴǘŀǝƻƴ ǇǊƻŎŜǎǎ 

²Ƙƻ ƛǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǿƘŀǘ ǇƻǊǝƻƴǎ ƻŦ ǿƻǊƪΚ 
²Ŝ ǿƻǳƭŘ ƭƛƪŜ ǘƻ ƪƴƻǿ ōƻǘƘ ǘƘŜ Ŏƻǎǘ ƻŦ ǎǘŀƴŘŀƭƻƴŜ ǎȅǎǘŜƳǎΣ ŀƴŘ ǘƘŜ Ŏƻǎǘ ƻŦ ƛƴǎǘŀƭƭŀǝƻƴ ōȅ ȅƻǳǊ 

ŎƻƳǇŀƴȅΦ ¢ƘŜǊŜ ƛǎ ŀƴ ƻǇǝƻƴ ǘƻ ǳǎŜ ŀ ŎƻƴǘǊŀŎǝƴƎ ŎƻƳǇŀƴȅ ǘƘŀǘ ǿƻǊƪǎ ŎƭƻǎŜƭȅ ǿƛǘƘ ±5h¢ ǘƻ ƛƴǎǘŀƭƭ ǘƘŜ 

ǎȅǎǘŜƳǎΣ ōǳǘ ǿŜ ǿƻǳƭŘ ƭƛƪŜ ǘƻ ŎƻƴǎƛŘŜǊ ǘƘŜ ƻǇǝƻƴ ƻŦ ǘƘŜ ǾŜƴŘƻǊ ŎƻƳǇƭŜǝƴƎ ǘƘƛǎ ǇǊƻŎŜǎǎ ŀǎ ǿŜƭƭΦ 

¢ŜǎǝƴƎ ŀƴŘ ±ŀƭƛŘŀǝƻƴ 
²Ŝ ǿƻǳƭŘ ƭƛƪŜ ǘƻ ŎƻƴǎƛŘŜǊ ǘƘŜ ƛƴŎƭǳǎƛƻƴ ƻŦ Ǿƛǎǳŀƭ ŎŀƳŜǊŀǎ ŦƻǊ ǎǳǊǾŜƛƭƭŀƴŎŜ ŀƴŘ ǊŜŀƭπǝƳŜ ƻǊ ƘƛǎǘƻǊƛŎ 

ǾŀƭƛŘŀǝƻƴ ƻŦ ǘƘŜ ŀƭŜǊǘ ǎȅǎǘŜƳΦ ¢ƘŜ ǉǳŀƴǝǘȅ ǿƛƭƭ ŘŜǇŜƴŘ ƻƴ Ƙƻǿ Ƴŀƴȅ ŎŀƳŜǊŀǎ ŀǊŜ ƴŜŜŘŜŘ ǘƻ ŀŎŎǳǊŀǘŜƭȅ 

ǾŀƭƛŘŀǘŜ ǘƘŜ ǎȅǎǘŜƳǎΦ {ƳŀƭƭŜǊ ŀǊŜŀǎ ǘƘŀǘ ŀǊŜ ǳǎƛƴƎ ǘƘŜǊƳŀƭ ƛƳŀƎŜǊȅ Ƴŀȅ ƻƴƭȅ ƴŜŜŘ ƻƴŜ Ǿƛǎǳŀƭ ŎŀƳŜǊŀΣ ōǳǘ 

ƭŀǊƎŜǊ ŀǊŜŀǎ Ƴŀȅ ƴŜŜŘ ƳǳƭǝǇƭŜ ǘƻ ŎƻǾŜǊ ǘƘŜ ŜƴǝǊŜ ǊƻŀŘǿŀȅ ōŜƛƴƎ ƳƻƴƛǘƻǊŜŘ ōȅ ŘŜǘŜŎǝƻƴ ǎȅǎǘŜƳǎΦ 

²ŀǊǊŀƴǘȅΣ {ǳǇǇƻǊǘΣ ¢ǊŀƛƴƛƴƎΣ ŀƴŘ 5ƻŎǳƳŜƴǘŀǝƻƴ wŜǉǳƛǊŜƳŜƴǘǎ 
²Ŝ ǿƻǳƭŘ ƭƛƪŜ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǇǊƻŎŜǎǎ ŦƻǊ Ƙƻǿ ǘƘŜ ǎȅǎǘŜƳǎ ǿƛƭƭ ōŜ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ ±5h¢ ƻƴŎŜ ǘƘŜȅ ŀǊŜ 

ƛƴǎǘŀƭƭŜŘ ŀƴŘ ǾŀƭƛŘŀǘŜŘΦ ¢Ƙƛǎ ǿƻǳƭŘ ƛƴŎƭǳŘŜ ǘƘŜ Ŏƻǎǘǎ ƻŦ ǎȅǎǘŜƳ ǎǳǇǇƻǊǘ ŀƴŘ ǘǊŀƛƴƛƴƎΦ 

/ƻǊǊƛŘƻǊ v aŀǇ LƴŦƻǊƳŀǝƻƴ 
!ǎ ǇŀǊǘ ƻŦ ǊƻŀŘǿŀȅ ŀƴŀƭȅǎƛǎΣ ŀ Ǉƻƛƴǘ ŘŜƴǎƛǘȅ ŀƴŀƭȅǎƛǎ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ƻƴ Ŝƭƪ ŎƻƭƭŀǊ Řŀǘŀ ǿƛǘƘƛƴ млл Ƴ ƻŦ 

ǘƘŜ ǊƻŀŘǿŀȅΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǊƻŀŘǿŀȅ ŦƻƻǘŀƎŜ ǿŀǎ ƻōǎŜǊǾŜŘ ǘƻ ŎƭŀǎǎƛŦȅ ǘƘŜ ǎǘŀǘŜ ƻŦ ǘƘŜ ǊƻŀŘǎƛŘŜ ŀǎ ǘƘŜ 

ǾŜƘƛŎƭŜ ŘǊƻǾŜ ŀƭƻƴƎ ǘƘŜ ǊƻŀŘǿŀȅΦ !ǎ ǘƘƛǎ ǊƻŀŘǿŀȅ ǊŜǉǳƛǊŜŘ ŜȄŎŀǾŀǝƻƴ ƛƴ ǎƻƳŜ ŀǊŜŀǎ ŀƴŘ ŬƭƭƛƴƎ ƛƴ ƻǘƘŜǊǎΣ 

ǘƘŜ ǊƻŀŘǎƛŘŜ ŘƛũŜǊǎ ƛƴ ƛǘǎ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎΦ ²ƘƛƭŜ ǘƘŜǊŜ ƛǎ ƴǳŀƴŎŜ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǎŜŎǝƻƴ ƻŦ ǊƻŀŘǿŀȅ 

ōŜƛƴƎ ƻōǎŜǊǾŜŘΣ ǘƘŜ ǊƻŀŘǎƛŘŜ ƛǎ ƎŜƴŜǊŀƭƭȅ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŜƛǘƘŜǊ ōŜƛƴƎ ƻǇŜƴ όōƻǘƘ ǎƛŘŜǎ ŀǊŜ ŎƭŜŀǊύΣ ǎŜƳƛπ

ƻǇŜƴ όƻƴŜ ǎƛŘŜ Ŏƻƴǘŀƛƴǎ ŀ Ŏǳǘ ǎŜŎǝƻƴ ǿƛǘƘ ǘŀƭƭΣ ƴŜŀǊπǾŜǊǝŎŀƭ ŎƭƛũǎύΣ ŀƴŘ ŎƭƻǎŜŘ όōƻǘƘ ǎƛŘŜǎ ŀǊŜ Ŏǳǘ 

ǎŜŎǝƻƴǎύΦ !ǊŜŀǎ ƛƴ ǿƘƛŎƘ ǘƘŜ ǊƻŀŘǿŀȅ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ƳƻǊŜ ƻǇŜƴΣ ŀƴŘ ŀǊŜŀǎ ƻŦ ƘƛƎƘŜǊ Ŝƭƪ ŀŎǝǾƛǘȅ ŀǇǇŜŀǊ ǘƻ 

ŀƭƛƎƴ ƛƴ ŀƴ ƻōǎŜǊǾŀǝƻƴ ƻŦ ōƻǘƘ ƭŀȅŜǊǎ ƛƴ ŀ ƳŀǇ όǎŜŜ ŦƻƭƭƻǿƛƴƎ ŬƎǳǊŜύΦ 
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Dt{ ŎƻƭƭŀǊ ǘǊŀŎƪƛƴƎ ŀŎǝǾƛǘȅ ƻŎŎǳǊǊƛƴƎ ƴŜŀǊ ǘƘŜ ǊƻŀŘǿŀȅ ŀƭƻƴƎ /ƻǊǊƛŘƻǊ vΦ 

 

CƻǊ ŀƴ ŀŘŘƛǝƻƴŀƭ ǎǘŜǇ ƻŦ ŀƴŀƭȅǎƛǎΣ ŜŀŎƘ ŜƭƪΩǎ ŎƻƭƭŀǊ ŀŎǝǾƛǘȅ ǿŀǎ ǘǊŀŎƪŜŘΣ ƳŜŀƴƛƴƎ ƭƛƴŜǎ ǿŜǊŜ ŘǊŀǿƴ ŦǊƻƳ 

ƻƴŜ Řŀǘŀ Ǉƻƛƴǘ ǘƻ ŀƴƻǘƘŜǊ ǳƴǝƭ ǘƘŜ ŜƴǝǊŜ ǇŀǘƘ ƻŦ ŜŀŎƘ Ŝƭƪ ǿŀǎ ŘǊŀǿƴΦ ²ƘƛƭŜ ǿŜ Ŏŀƴƴƻǘ ŀǎǎǳƳŜ ǘƘŜǎŜ 

ŀǊŜ ǘƘŜ ŜȄŀŎǘ ǇŀǘƘǎ ǘƘŀǘ ŜŀŎƘ Ŝƭƪ ǘƻƻƪΣ ǘƘŜ ƛƴǎǘŀƴŎŜǎ ǿƘŜǊŜ ŜŀŎƘ ƻŦ ǘƘŜ ŜƭƪΩǎ ǇŀǘƘǎ ƛƴǘŜǊǎŜŎǘŜŘ ǘƘŜ 

ǊƻŀŘǿŀȅ ǿŜǊŜ ƳŀǇǇŜŘΦ ¢Ƙƛǎ Ŏŀƴ ǇǊƻǾƛŘŜ ƛƴǎƛƎƘǘ ƻƴ ǘƘŜ ǊƻŀŘǿŀȅ ƭƻŎŀǝƻƴǎ ǘƘŀǘ Ŝƭƪ Ƴŀȅ ǘŜƴŘ ǘƻ ŎǊƻǎǎΦ 

!ƴƻǘƘŜǊ Ǉƻƛƴǘ ŘŜƴǎƛǘȅ ŀƴŀƭȅǎƛǎ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ƻƴ ǘƘŜ ƭƻŎŀǝƻƴǎ ƻŦ ǘƘŜǎŜ ǇŀǘƘ ƛƴǘŜǊǎŜŎǝƻƴǎ όǎŜŜ ŦƻƭƭƻǿƛƴƎ 

ŬƎǳǊŜύΦ 
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tŀǘƘ ǘǊŀŎƛƴƎ ƻŦ ǘƘŜ Ŝƭƪ ŎƻƭƭŀǊ ŘŀǘŀΣ ŀƴŘ ǘƘŜ ŘŜƴǎƛǘȅ ƻŦ ǘƘŜ Ǉƻƛƴǘǎ ŀƭƻƴƎ ǘƘŜ ǊƻŀŘǿŀȅ ƛƴ ǿƘƛŎƘ ǘƘŜ ǇŀǘƘǎ ƛƴǘŜǊǎŜŎǘΦ 

 

Lƴ ǘƘŜ ǊŜǎǳƭǘŀƴǘ ƳŀǇΣ ǘƘŜ ŘŜƴǎƛǘȅ ƻŦ Ŝƭƪ ŎƻƭƭŀǊ ŀŎǝǾƛǘȅ ƴŜŀǊ ǘƘŜ ǊƻŀŘǿŀȅ ŀƴŘ ǘƘŜ ŘŜƴǎƛǘȅ ƻŦ ǘƘŜ ǇŀǘƘ 

ǘǊŀŎƛƴƎ ƛƴǘŜǊǎŜŎǝƻƴǎ ŀǇǇŜŀǊ ǘƻ ŀƭƛƎƴ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊ ŀƴŘ ǘƘŜ ƳƻǊŜ ƻǇŜƴ ŀǊŜŀǎ ŦǊƻƳ ǘƘŜ ǊƻŀŘ 

ŎƭŀǎǎƛŬŎŀǝƻƴΦ !ƴŘ ǿƘƛƭŜ ǿŜ Ŏŀƴƴƻǘ ŘŜŬƴƛǝǾŜƭȅ ǎŀȅ ǘƘƛǎ ƛǎ ǿƘŜǊŜ ŀƭƭ ŎǊƻǎǎƛƴƎǎ ŀǊŜ ƻŎŎǳǊǊƛƴƎΣ ƛǘ ǇǊƻǾƛŘŜǎ 

ŀƴƻǘƘŜǊ ƭŀȅŜǊ ƻŦ ǎǳǇǇƻǊǘ ŦƻǊ ǿƘŜǊŜ ƳƛǝƎŀǝƻƴ ŜũƻǊǘǎ ŎƻǳƭŘ ōŜ ǇǊƛƻǊƛǝȊŜŘΦ 

Lƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎŜŎǝƻƴΣ ǘƘŜǎŜ ƳŀǇ ƭŀȅŜǊǎ ǿŜǊŜ ǳǎŜŘ ƛƴ ŎƻƴƧǳƴŎǝƻƴ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊ ǘƻ ǇǊƻǾƛŘŜ ŀ ƳŜǘƘƻŘ 

ǘƻ ǎŜƭŜŎǘ ǎƛǘŜǎ ŀƭƻƴƎ ǘƘŜ ǊƻŀŘǿŀȅ ǿƘŜǊŜ ŜũƻǊǘǎ Ŏŀƴ ōŜ ŦƻŎǳǎŜŘΦ  
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{ƛǘŜ {ŜƭŜŎǝƻƴ 

/ƻǊǊƛŘƻǊ vΥ 

 

 

/ǊƛǘŜǊƛŀ 
Lƴ ƻǊŘŜǊ ǘƻ ŎƻƴǎƛŘŜǊ ŀ ǎŜŎǝƻƴ ƻŦ ǊƻŀŘǿŀȅ ŦƻǊ ǘƘŜ ƛƴǎǘŀƭƭŀǝƻƴ ƻŦ ŀƴƛƳŀƭ ŘŜǘŜŎǝƻƴ ǎȅǎǘŜƳǎΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 

ŎǊƛǘŜǊƛŀ ǿŜǊŜ ǳǎŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƭŜǾŜƭ ƻŦ ǊŜƭŀǝǾŜ ŀǇǇŀǊŜƴǘ ǊƛǎƪΦ 

¶ 5Ŝƴǎƛǘȅ ƻŦ ŎƻƭƭŀǊ Řŀǘŀ Ǉƻƛƴǘǎ ƴŜŀǊ ǊƻŀŘǿŀȅ ς ǳǎƛƴƎ Ǉƻƛƴǘ ŘŜƴǎƛǘȅ ƛƴ !ǊŎDL{Φ 

o [ƻǿ 

o aŜŘƛǳƳ 

o IƛƎƘ 

¶ /ǊƻǎǎƛƴƎ ŘŜƴǎƛǘȅ ς ŦǊƻƳ ǘŜƳǇƻǊŀƭ ǘǊŀŎƪƛƴƎ ŎƻƭƭŀǊ Řŀǘŀ ƛƴ !ǊŎDL{Φ ±ƛǎǳŀƭ ŘŜǘŜǊƳƛƴŀǝƻƴΦ 

o tŀǊŀƭƭŜƭ ǘǊŀŎƪǎ 

o tŜǊǇŜƴŘƛŎǳƭŀǊ ǘǊŀŎƪǎ 

o wŀǝƻ ƻŦ ƻƴŜ ǾǎΦ ǘƘŜ ƻǘƘŜǊ 

¶ wƻŀŘǿŀȅ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ς ŦǊƻƳ ƎŜƻǊŜŦŜǊŜƴŎŜŘ ǾƛŘŜƻ ŦƻƻǘŀƎŜ ŀƴŀƭȅǎƛǎ ŀƴŘ ŀǎπōǳƛƭǘ ŘŀǘŀΦ 

o [ƛƴŜ ƻŦ ǎƛƎƘǘΣ ǾŜǊǝŎŀƭ ŀƴŘκƻǊ ƘƻǊƛȊƻƴǘŀƭ 

o /ǳǘκŬƭƭκƭŜǾŜƭ ǎŜŎǝƻƴǎΣ ōƻǘƘ ǎƛŘŜǎ ƻŦ ǊƻŀŘǿŀȅ 

o ±ŜƎŜǘŀǝƻƴ ϧ ƻǘƘŜǊ ƴŀǘǳǊŀƭ ǎǘǊǳŎǘǳǊŜǎ 

o bǳƳōŜǊ ƻŦ ƭŀƴŜǎ ϧ ƴƻƴπƴŀǘǳǊŀƭ ǎǘǊǳŎǘǳǊŜ ǇǊŜǎŜƴŎŜ όŜΦƎΦΣ ƎǳŀǊŘǊŀƛƭǎύ 
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{ƛƳƛƭŀǊƛǝŜǎ 
¢ƻ ǇǊƻǾƛŘŜ ƳƻǊŜ ƻǾŜǊŀƭƭ ƛƴŦƻǊƳŀǝƻƴ ƻƴ ǘƘŜ ǊƻŀŘǿŀȅ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎΣ ŜŀŎƘ ǎŜŎǝƻƴ ǎƘƻǿǎ ŀƴ ŀǊŜŀ ƛƴ 

ǿƘƛŎƘΥ 

¶ ǘƘŜ ŘŜƴǎƛǘȅ ƻŦ ŎƻƭƭŀǊ Řŀǘŀ ǿŀǎ ƘƛƎƘŜǊ ǘƘŀƴ ŀǾŜǊŀƎŜΣ 

¶ ǘƘŜ ŘŜƴǎƛǘȅ ƻŦ ŎǊƻǎǎƛƴƎ ŀŎǝǾƛǘȅ ǿŀǎ ƘƛƎƘŜǊ ǘƘŀƴ ŀǾŜǊŀƎŜΣ ŀƴŘκƻǊ  

¶ ƻōǎŜǊǾŀǝƻƴǎ ƻŦ ǘƘŜ ǊƻŀŘǿŀȅ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ƛǘ ƛǎ ƳƻǊŜ ƻǇŜƴΣ ŜƛǘƘŜǊ ƻǾŜǊŀƭƭ ƻǊ ǊŜƭŀǝǾŜ ǘƻ ƛǘǎ 

ǎǳǊǊƻǳƴŘƛƴƎǎΦ 

5ŀƛƭȅ ŀŎǝǾƛǘȅ 
Lƴ ŀƭƭ ŀǊŜŀǎΣ ƳƻǊŜ ŀŎǝǾƛǘȅ ŎƻƴŎŜƴǘǊŀǘŜŘ ƴŜŀǊ ǘƘŜ ǊƻŀŘǿŀȅ ǿŀǎ ƴƻǘŜŘ ŘǳǊƛƴƎ ǝƳŜǎ ƻŦ ǎǳƴǎŜǘ ŀƴŘ ƴƛƎƘǘΣ 

ǿƛǘƘ Řŀǘŀ ǎƘƻǿƛƴƎ ƭŜǎǎ ŀƴŘ ƳƻǊŜ ǎǇŀǊǎŜƭȅ ǇƻǇǳƭŀǘŜŘ Ǉƻƛƴǘǎ ŘǳǊƛƴƎ ǎǳƴǊƛǎŜ ŀƴŘ ŘŀȅΦ 

{Ŝŀǎƻƴŀƭ ŀŎǝǾƛǘȅ 
aƻǎǘ ŎƻƭƭŀǊ Řŀǘŀ ǿŀǎ ƴƻǘŜŘ ŀǎ ōŜƛƴƎ ƴŜŀǊ ǘƘŜ ǊƻŀŘǿŀȅ ŘǳǊƛƴƎ ǘƘŜ ǿƛƴǘŜǊ ŀƴŘ ŦŀƭƭΦ DŜƴŜǊŀƭƭȅΣ ǘƘŜ ǿŜǎǘŜǊƴ 

ŀǊŜŀǎ ƻŦ ǘƘŜ ǊƻŀŘǿŀȅ ƘŀŘ ƳƻǊŜ ŀŎǝǾƛǘȅ ƛƴ ǿƛƴǘŜǊΣ ŀƴŘ ǘƘŜ ŜŀǎǘŜǊƴ ŀǊŜŀǎ ƘŀŘ ƳƻǊŜ ŀŎǝǾƛǘȅ ƛƴ ŦŀƭƭΦ 

²ŜŀǘƘŜǊκŎƭƛƳŀǘŜ 

¶ CƻƎ ς /ƻǊǊƛŘƻǊ v ƛǎ Ƴƻǎǘƭȅ ƅŀǘΣ ŀƴŘ ǘƘŜǊŜ ǿƛƭƭ ǘƘŜǊŜŦƻǊŜ ōŜ ƭƛǧƭŜ ŘƛũŜǊŜƴŎŜ ƻŦ ŦƻƎ ǇƻǘŜƴǝŀƭ ŦƻǊ 

ŜŀŎƘ ǎŜŎǝƻƴΦ  

o ¢ƘŜ ƭƻǿŜǎǘ ŀǊŜŀ ǘƘŀǘ Ƙŀǎ ƘƛƎƘŜǊ ǇƻǘŜƴǝŀƭ ƛǎ ƴŜŀǊ ǘƘŜ ōǊƛŘƎŜΣ ŀǿŀȅ ŦǊƻƳ Ƴƻǎǘ Ŝƭƪ ŎƻƭƭŀǊ 

Řŀǘŀ ǇƻƛƴǘǎΦ  

o IƻǿŜǾŜǊΣ ǘƘŜ ǇƻǘŜƴǝŀƭ ŦƻǊ ŦƻƎ ǘƻ ƻōǎŎǳǊŜ ǘƘŜ ǊƻŀŘǿŀȅ ƛǎ ƭƛƪŜƭȅ ŀƭƻƴƎ ǘƘŜ ŜƴǝǊŜ ƭŜƴƎǘƘ ƻŦ 

ǊƻŀŘǿŀȅΣ ŀǎ ǘƘŜ ǎŜŎǝƻƴǎ ǿƛǘƘ ƭƻǿŜǊ ŜƭŜǾŀǝƻƴ Ŏŀƴ ōŜ ŀũŜŎǘŜŘ ōȅ ǾŀƭƭŜȅ ŦƻƎΣ ǿƘƛƭŜ ǘƘŜ 

ƘƛƎƘŜǊ ǎŜŎǝƻƴǎ Ŏŀƴ ōŜ ŀũŜŎǘŜŘ ōȅ ƻǊƻƎǊŀǇƘƛŎΣ ƻǊ ǳǇǎƭƻǇŜΣ ŦƻƎΦ 

¶ ²ƛƴŘ ŘƛǊŜŎǝƻƴ ŀƴŘ ǎǇŜŜŘ ǿƛƭƭ ƭƛƪŜƭȅ ƴƻǘ ŎƘŀƴƎŜ ƛƴ Ƴƻǎǘ ŀǊŜŀǎΣ ǿƛǘƘ ǎƻƳŜ ǇƻǎǎƛōƭŜ ŜȄŎŜǇǝƻƴǎ 

ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŘƛǊŜŎǝƻƴ ƻŦ ǿƛƴŘ ƻǾŜǊ Ŭƭƭ ǎŜŎǝƻƴǎ ƻǊ ōŜǘǿŜŜƴ Ŏǳǘ ǎŜŎǝƻƴǎΦ 

¶ !ŎŎŜǎǎ ǘƻ ǎǳƴƭƛƎƘǘ ǿƛƭƭ ŀƭǎƻ ƭƛƪŜƭȅ ƴƻǘ ŎƘŀƴƎŜ ŀƳƻƴƎ ǘƘŜ ŘƛũŜǊŜƴǘ ŀǊŜŀǎΦ ¢ƘŜ ǎŜŎǝƻƴǎ ǿƘŜǊŜ 

ǎǳƴƭƛƎƘǘ Ƴŀȅ ōŜ Ŏǳǘ ƻũ ƛƴ ǘƘŜ ƳƻǊƴƛƴƎ ƻǊ ŜǾŜƴƛƴƎΣ ǎǳŎƘ ŀǎ ŎƭƻǎŜŘπƻũ ŀǊŜŀǎ ǿƛǘƘ ƘƛƎƘ Ŏƭƛũǎ ƻƴ 

ŜƛǘƘŜǊ ƻǊ ōƻǘƘ ǎƛŘŜǎ ƻŦ ǘƘŜ ǊƻŀŘΣ ǎƘƻǿ ƳǳŎƘ ƭŜǎǎ Dt{ ŎƻƭƭŀǊ ŀŎǝǾƛǘȅΣ ŀƴŘ ƘŀǾŜ ŀ ƭƻǿŜǊ ƭŜǾŜƭ ƻŦ 

ǇǊƛƻǊƛǘȅτƳƻǎǘ ƻŦ ǘƘŜ ƘƛƎƘŜǎǘ ŀǊŜŀǎ ƻŦ ŎǊƻǎǎƛƴƎ ŀŎǝǾƛǘȅ ŀǊŜ ǿƛǘƘƛƴ ǘƘŜ ƳƻǊŜ ƻǇŜƴ ǎŜŎǝƻƴǎΦ ¢ƘŜǊŜ 

ŀǊŜ ŀ ŦŜǿ ŜȄŎŜǇǝƻƴǎΣ ǎǳŎƘ ŀǎ {ŜŎǝƻƴǎ мΣ мпΣ ŀƴŘ мсΣ ŀǎ ŘŜǎŎǊƛōŜŘ ōŜƭƻǿΦ 

/ǊƻǎǎƛƴƎ ¢ȅǇŜǎ 
Lƴ ŀƴ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǊƻŀŘǿŀȅΣ ŦƻǳǊ ŘƛǎǝƴŎǘ ŎǊƻǎǎƛƴƎ ǎŜŎǝƻƴ άǘȅǇŜǎέ ǿŜǊŜ ƻōǎŜǊǾŜŘ ŀƳƻƴƎ ǘƘŜ мс ǘƻǘŀƭ 

ǎŜŎǝƻƴǎΦ .Ŝƭƻǿ ŀǊŜ ǘƘƻǎŜ ǘȅǇŜǎ ŀƴŘ ǘƘŜƛǊ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴǎΥ 

¶ ¢ȅǇŜ м ς ¢ƘŜǎŜ ŀǊŜ ƳƻǎǘƭȅΣ ǘƻ ŜƴǝǊŜƭȅΣ ŘƛǎŎǊŜǘŜ ǎŜŎǝƻƴǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŘƛǎǝƴŎǘ ƻǇŜƴ ŀǊŜŀǎ ǘƘŀǘ 

ŀǊŜ ǎŜǇŀǊŀǘŜŘ ƻƴ ōƻǘƘ ŜƴŘǎ ƻŦ ǘƘŜ ǎŜŎǝƻƴ ōȅ ƴŀǘǳǊŀƭ ǎǘǊǳŎǘǳǊŜǎ ǎǳŎƘ ŀǎ Ŏǳǘ ǎŜŎǝƻƴǎ ƻŦ ǊƻŀŘǿŀȅΦ 

o {ŜŎǝƻƴǎ мΣ оΣ уΣ мрΣ ŀƴŘ мс 

¶ ¢ȅǇŜ н ς ¢Ƙƛǎ ǘȅǇŜ ƛǎ ǎƻƳŜǿƘŀǘ ǎƛƳƛƭŀǊ ǘƻ ¢ȅǇŜ м ƛƴ ŘƛǎǝƴŎǝƻƴΣ ōǳǘ ŀǎ ŀ ǎŜŎǝƻƴ ƛǎ ƴƻǘ ŀǎ ŘƛǎŎǊŜǘŜΣ 

ƳŜŀƴƛƴƎ ƛǘ ƛǎ ƴƻǘ ŀǎ Ŝŀǎȅ ǘƻ ŘƛǎŎŜǊƴ ǿƘŜƴ ŀ ǎŜŎǝƻƴ ōŜƎƛƴǎ ŀƴŘ ŜƴŘǎ ŀƭƻƴƎ ǊƻŀŘǿŀȅ ōȅ Ƨǳǎǘ 

ƻōǎŜǊǾƛƴƎ ǘƘŜ ŦƻƻǘŀƎŜΦ ¢ƘŜǎŜ ŀǊŜŀǎ ŀǊŜ Ƴƻǎǘƭȅ ƻǇŜƴΣ ōǳǘ ǘƘŜǊŜ Ƴŀȅ ōŜ ǎƻƳŜ ōƭƛƴŘ ǎǇƻǘǎ ƛƴ ǘƘŜ 

ƭƛƴŜ ƻŦ ǎƛƎƘǘΦ ¢ƘŜǊŜ Ƴŀȅ ōŜ ǾŀǊƛƻǳǎ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ǘƻ ǘƘŜ ǊƻŀŘǎƛŘŜ ŀƴŘ ǘƘŜǊŜ Ƴŀȅ ōŜ ǘǊŀƴǎƛǝƻƴǎ 

ōŜǘǿŜŜƴ Ŏǳǘ ŀƴŘ ƻǇŜƴ ǎŜŎǝƻƴǎ ǿƛǘƘƛƴ ǘƘŜ ŀǊŜŀΦ 

o {ŜŎǝƻƴǎ н ŀƴŘ п 
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¶ ¢ȅǇŜ о ς ¢Ƙƛǎ ǘȅǇŜ Ƙŀǎ ŜǾŜƴ ƭŜǎǎ ŘƛǎǝƴŎǝƻƴ ōŜǘǿŜŜƴ ŀŘƧŀŎŜƴǘ ǎŜŎǝƻƴǎ ǘƘŀƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ǘȅǇŜΦ 

¢ƘŜ ǊƻŀŘǿŀȅ Ŏŀƴ ōƭŜƴŘ ōŜǘǿŜŜƴ ŀŘƧŀŎŜƴǘ ǎŜŎǝƻƴǎΣ ƳŀƪƛƴƎ ƛǘ ŘƛŶŎǳƭǘ ǘƻ ŘƛǎŎŜǊƴ ǿƘȅ ŘƛǎŎǊŜǘŜ Ŝƭƪ 

ŎƻƭƭŀǊ ŀŎǝǾƛǘȅ ŀƴŘ ŎǊƻǎǎƛƴƎǎ ƻŎŎǳǊ ƛƴ ǘƘŜ ƳŀǇ ŘŀǘŀΤ ƘƻǿŜǾŜǊΣ ǘƘŜ ƳŀǇ ǎǝƭƭ ǎƘƻǿǎ ŘƛǎŎǊŜǘŜ ƻǊ 

ǎŜƳƛπŘƛǎŎǊŜǘŜ ƘƻǘǎǇƻǘǎΦ [ƛƴŜ ƻŦ ǎƛƎƘǘ ƛǎ ǘƘŜ ōŜǎǘ ƳŜǘƘƻŘ ǳǎŜŘ ǘƻ ŀǎǎƛǎǘ ƛƴ ŘŜǘŜǊƳƛƴƛƴƎ ǎŜŎǝƻƴ 

ǘǊŀƴǎƛǝƻƴǎΦ 

o {ŜŎǝƻƴǎ рΣ сΣ ŀƴŘ тΣ ŀƴŘ ǎŜŎǝƻƴǎ ф ŀƴŘ мл 

¶ ¢ȅǇŜ п ς ¢Ƙƛǎ ǘȅǇŜ Ƙŀǎ ǘƘŜ ƭŜŀǎǘ ŀƳƻǳƴǘ ƻŦ ŘƛǎǝƴŎǝƻƴ ōŜǘǿŜŜƴ ǎŜŎǝƻƴǎΣ ǿƛǘƘ ǘƘŜ ƻƴƭȅ ŘƛũŜǊŜƴŎŜ 

ōŜƛƴƎ ƭƛƴŜ ƻŦ ǎƛƎƘǘ ŦǊƻƳ ŀ ǾŜƘƛŎƭŜΩǎ ǇŜǊǎǇŜŎǝǾŜΦ ¢ƘŜǎŜ ŀǊŜŀǎ ŀǊŜ Ƴƻǎǘƭȅ ƻǇŜƴ ǘƘǊƻǳƎƘƻǳǘ ŜŀŎƘ 

ǎŜŎǝƻƴΣ ǿƛǘƘ ƭƛƴŜǎ ƻŦ ǎƛƎƘǘ ŘŜǘŜǊƳƛƴŜŘ ōȅ ƴŀǘǳǊŀƭ ǎǘǊǳŎǘǳǊŜǎ ǿƘŜƴ ƻōǎŜǊǾƛƴƎ ǘƘŜ ǾŜƘƛŎƭŜ ŦƻƻǘŀƎŜΦ 

¢Ƙƛǎ ǘȅǇŜ ŜƴŎƻƳǇŀǎǎŜǎ ǘƘŜ {ƻǳǘƘŜǊƴ DŀǇ ŀǊŜŀ ƻŦ ǘƘŜ ǊƻŀŘǿŀȅΦ 

o {ŜŎǝƻƴǎ ммΣ мнΣ моΣ ŀƴŘ мп
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{ŜŎǝƻƴ Ім 

/ǊƻǎǎƛƴƎ ¢ȅǇŜ м 

hǾŜǊŀƭƭ wƛǎƪ [ƻǿκ±ŜǊȅ [ƻǿ 

²ƛƭŘƭƛŦŜ !ŎǝǾƛǘȅ {Ƴŀƭƭ ŀƳƻǳƴǘΣ ƭƻǿ ŘŜƴǎƛǘȅ 

/ǊƻǎǎƛƴƎ !ŎǝǾƛǘȅ CŜǿ ŎǊƻǎǎƛƴƎǎΣ Ƴƻǎǘƭȅ ǇŀǊŀƭƭŜƭ 

wƻŀŘǿŀȅ /ƘŀǊŀŎǘŜǊƛǎǝŎǎ {ŜƳƛπƻǇŜƴΣ ŘƛǎŎǊŜǘŜΣ ŎǳǘΣ ŀƴŘ ƻǇŜƴ 

[ŜƴƎǘƘ Ϥтрл Ƴ όϤлΦр Ƴƛύ 

[ƛƴŜ ƻŦ {ƛƎƘǘ {ƻƳŜ ƘƻǊƛȊƻƴǘŀƭ ƻōǎǘǊǳŎǝƻƴ 

bŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ /ǳǘ ŀƴŘ ƻǇŜƴ ǎŜŎǝƻƴǎ ƻƴ ƴƻǊǘƘ ǎƛŘŜΣ ǾŜƎŜǘŀǝƻƴ ōƻǘƘ ǎƛŘŜǎΣ Ŭƭƭ ǎŜŎǝƻƴǎ ƻƴ 
ǎƻǳǘƘ ǎƛŘŜΦ 

bƻƴπbŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ /ǳǊǊŜƴǘƭȅ нҌ /ƭƛƳōƛƴƎ ƭŀƴŜǎΣ ŜǾŜƴǘǳŀƭƭȅ п ƭŀƴŜǎΦ DǳŀǊŘǊŀƛƭǎ ǇǊƻǇƻǎŜŘ ŀƭƻƴƎ 
ǎƻǳǘƘ ǎƛŘŜΦ 

 
CŀŎƛƴƎ ²Ŝǎǘ ς {ŜŎǝƻƴ м 

 
aŀǇ !ǊŜŀ ς {ŜŎǝƻƴ м 

 

 
CŀŎƛƴƎ 9ŀǎǘ ς {ŜŎǝƻƴ м 

 
aŀǇ !ǊŜŀ ό½ƻƻƳŜŘύ ς {ŜŎǝƻƴ м 

  



70 

 

{ŜŎǝƻƴ Ін 

/ǊƻǎǎƛƴƎ ¢ȅǇŜ н 

hǾŜǊŀƭƭ wƛǎƪ [ƻǿκaƻŘŜǊŀǘŜ 

²ƛƭŘƭƛŦŜ !ŎǝǾƛǘȅ {ƳŀƭƭκƳƻŘŜǊŀǘŜ ŀƳƻǳƴǘΣ ƭƻǿπƳƻŘŜǊŀǘŜ ŘŜƴǎƛǘȅ 

/ǊƻǎǎƛƴƎ !ŎǝǾƛǘȅ {ƻƳŜ ŎǊƻǎǎƛƴƎǎΣ Ƴŀƛƴƭȅ ǇŀǊŀƭƭŜƭ 

wƻŀŘǿŀȅ /ƘŀǊŀŎǘŜǊƛǎǝŎǎ {ŜƳƛπƻǇŜƴΣ ǎŜƳƛπŘƛǎŎǊŜǘŜΣ ŎǳǘΣ ŀƴŘ ƻǇŜƴ ǎŜŎǝƻƴǎ 

[ŜƴƎǘƘ ϤмΦм ƪƳ όлΦтр Ƴƛύ 

[ƛƴŜ ƻŦ {ƛƎƘǘ IƻǊƛȊƻƴǘŀƭ ƻōǎŎǳǊŀǝƻƴΣ ǊƻŀŘǿŀȅ ŎǳǊǾŜǎ ǎƻǳǘƘǿŀǊŘ ǘƘǊƻǳƎƘƻǳǘ ǎŜŎǝƻƴΦ 

bŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ /ǳǘ ŀƴŘ Ŭƭƭ ǎŜŎǝƻƴǎ ǘƘǊƻǳƎƘƻǳǘΦ 

bƻƴπbŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ /ǳǊǊŜƴǘƭȅ нҌ ŎƭƛƳōƛƴƎ ƭŀƴŜǎΣ ŜǾŜƴǘǳŀƭƭȅ п ƭŀƴŜǎΦ DǳŀǊŘǊŀƛƭǎ ǇǊƻǇƻǎŜŘ ŦƻǊ ŀ 
ǇƻǊǝƻƴ ƻŦ ƴƻǊǘƘ ǎƛŘŜΦ 

 
CŀŎƛƴƎ ²Ŝǎǘ ς {ŜŎǝƻƴ н 

 
aŀǇ !ǊŜŀ ς {ŜŎǝƻƴ н 

 

 
CŀŎƛƴƎ 9ŀǎǘ ς {ŜŎǝƻƴ н 

 
aŀǇ !ǊŜŀ ό½ƻƻƳŜŘύ ς {ŜŎǝƻƴ н 
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  {ŜŎǝƻƴ Іо 

/ǊƻǎǎƛƴƎ ¢ȅǇŜ м 

hǾŜǊŀƭƭ wƛǎƪ [ƻǿκaƻŘŜǊŀǘŜ 

²ƛƭŘƭƛŦŜ !ŎǝǾƛǘȅ {ƳŀƭƭκƳƻŘŜǊŀǘŜ ŀƳƻǳƴǘΣ ƭƻǿκƳƻŘŜǊŀǘŜ ŘŜƴǎƛǘȅ 

/ǊƻǎǎƛƴƎ !ŎǝǾƛǘȅ CŜǿ ǇŜǊǇŜƴŘƛŎǳƭŀǊ ǇŀǘƘǎΣ Ƴƻǎǘƭȅ ǇŀǊŀƭƭŜƭ 

wƻŀŘǿŀȅ /ƘŀǊŀŎǘŜǊƛǎǝŎǎ hǇŜƴΣ ǎŜƳƛπŘƛǎŎǊŜǘŜΣ ƻǇŜƴκŬƭƭ ǎŜŎǝƻƴǎ 

[ŜƴƎǘƘ Ϥрлл Ƴ όϤлΦо Ƴƛύ 

[ƛƴŜ ƻŦ {ƛƎƘǘ IƻǊƛȊƻƴǘŀƭ ƻōǎŎǳǊŀǝƻƴΣ ǊƻŀŘǿŀȅ ŎǳǊǾŜǎ ƴƻǊǘƘǿŀǊŘΣ ǾŜƎŜǘŀǝƻƴ ƻōǎŎǳǊŜǎ ǾƛǎƛƻƴΦ 

bŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ /ǳǘ ǎŜŎǝƻƴ ǘǊŀƴǎƛǝƻƴƛƴƎ ǘƻ ƻǇŜƴ ƻƴ ǎƻǳǘƘ ǎƛŘŜΣ ǾŜƎŜǘŀǝƻƴ ƻƴ ƴƻǊǘƘ ǎƛŘŜΦ 

bƻƴπbŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ /ǳǊǊŜƴǘƭȅ нҌ ŎƭƛƳōƛƴƎ ƭŀƴŜǎΣ ŜǾŜƴǘǳŀƭƭȅ п ƭŀƴŜǎΦ 5ǊŀƛƴŀƎŜ ǇƻƴŘ ƻƴ ƴƻǊǘƘ ǎƛŘŜΦ 

 
CŀŎƛƴƎ ²Ŝǎǘ ς {ŜŎǝƻƴ о 

 
aŀǇ !ǊŜŀ ς {ŜŎǝƻƴ о 

 

 
CŀŎƛƴƎ 9ŀǎǘ ς {ŜŎǝƻƴ о 

 
aŀǇ !ǊŜŀ ό½ƻƻƳŜŘύ ς {ŜŎǝƻƴ о 
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 {ŜŎǝƻƴ Іп  

/ǊƻǎǎƛƴƎ ¢ȅǇŜ н 

hǾŜǊŀƭƭ wƛǎƪ aƻŘŜǊŀǘŜκIƛƎƘ 

²ƛƭŘƭƛŦŜ !ŎǝǾƛǘȅ aƻŘŜǊŀǘŜΣ ŘŜƴǎŜǊ ƻƴ ǎƻǳǘƘŜǊƴ ǎƛŘŜ 

/ǊƻǎǎƛƴƎ !ŎǝǾƛǘȅ aƻŘŜǊŀǘŜΣ ƳǳƭǝǇƭŜ ǇŜǊǇŜƴŘƛŎǳƭŀǊ 

wƻŀŘǿŀȅ /ƘŀǊŀŎǘŜǊƛǎǝŎǎ {ŜƳƛπƻǇŜƴΣ ŦŀƛǊƭȅ ŘƛǎŎǊŜǘŜΣ Ŏǳǘ ŀƴŘ Ŭƭƭ ǎŜŎǝƻƴǎ 

[ŜƴƎǘƘ ϤмΦр ƪƳ όϤлΦф Ƴƛύ 

[ƛƴŜ ƻŦ {ƛƎƘǘ [ƛǧƭŜκƴƻ ƻōǎǘǊǳŎǝƻƴΣ ǎǘǊŀƛƎƘǘ ǎŜŎǝƻƴΦ 

bŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ /ǳǘ ǎŜŎǝƻƴ ƻƴ ƘŀƭŦ ƻŦ ƴƻǊǘƘ ǎƛŘŜΣ ǎƻƳŜ ǾŜƎŜǘŀǝƻƴ ƻƴ ǎƻǳǘƘ ǎƛŘŜΣ ōǳǘ Ƴƻǎǘƭȅ 
ƻǇŜƴ Ǉŀǎǘ Ŏǳǘ ǎŜŎǝƻƴΦ 

bƻƴπbŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ /ǳǊǊŜƴǘƭȅ нҌ ŎƭƛƳōƛƴƎ ƭŀƴŜǎΣ ŜǾŜƴǘǳŀƭƭȅ п ƭŀƴŜǎΦ DǳŀǊŘ Ǌŀƛƭǎ ǇǊƻǇƻǎŜŘ ŦƻǊ ƘŀƭŦ ƻŦ 
ƴƻǊǘƘ ǎƛŘŜΦ 

 
CŀŎƛƴƎ ²Ŝǎǘ ς {ŜŎǝƻƴ п 

 
aŀǇ !ǊŜŀ ς {ŜŎǝƻƴ п 

 

 
CŀŎƛƴƎ 9ŀǎǘ ς {ŜŎǝƻƴ п 

 
aŀǇ !ǊŜŀ ό½ƻƻƳŜŘύ ς {ŜŎǝƻƴ п
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{ŜŎǝƻƴ Ір 

/ǊƻǎǎƛƴƎ ¢ȅǇŜ о 

hǾŜǊŀƭƭ wƛǎƪ aƻŘŜǊŀǘŜ 

²ƛƭŘƭƛŦŜ !ŎǝǾƛǘȅ aƻŘŜǊŀǘŜΣ ƳƻǊŜ ŀƭƻƴƎ ŜŀǎǘŜǊƴ ǎƛŘŜ 

/ǊƻǎǎƛƴƎ !ŎǝǾƛǘȅ [ƻǿκƳƻŘŜǊŀǘŜΦ Ϥрлκрл ƻƴ ǇŀǊŀƭƭŜƭ ǾǎΦ ǇŜǊǇŜƴŘƛŎǳƭŀǊ 

wƻŀŘǿŀȅ /ƘŀǊŀŎǘŜǊƛǎǝŎǎ hǇŜƴΣ ǎŜƳƛπŘƛǎŎǊŜǘŜ όŀŘƧ ǘƻ ІсύΣ Ŏǳǘ ŀƴŘ Ŭƭƭ ǎŜŎǝƻƴ 

[ŜƴƎǘƘ Ϥррл Ƴ όϤлΦоо Ƴƛύ 

[ƛƴŜ ƻŦ {ƛƎƘǘ [ƛǧƭŜ ƻōǎǘǊǳŎǝƻƴΣ ǊƻŀŘǿŀȅ ŎǳǊǾŜǎ ǎƻǳǘƘǿŀǊŘ ōǳǘ ƭƛǧƭŜ ǾŜƎŜǘŀǝƻƴΦ 

bŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ /ǳǘ ǎŜŎǝƻƴ ŀƭƻƴƎ ƳŀƧƻǊƛǘȅ ƻŦ ƴƻǊǘƘ ǎƛŘŜΣ ƻǇŜƴ ƻƴ ǎƻǳǘƘ ǎƛŘŜΦ 

bƻƴπbŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ /ǳǊǊŜƴǘƭȅ нҌ ŎƭƛƳōƛƴƎ ƭŀƴŜǎΣ ŜǾŜƴǘǳŀƭƭȅ п ƭŀƴŜǎΦ DǳŀǊŘǊŀƛƭǎ ǇǊƻǇƻǎŜŘ ŦƻǊ 
ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ ǎŜŎǝƻƴΦ 5ǊŀƛƴŀƎŜ ǇƻƴŘ ƻƴ ǎƻǳǘƘ ǎƛŘŜΦ 

 
CŀŎƛƴƎ ²Ŝǎǘ ς {ŜŎǝƻƴ р 

 
aŀǇ !ǊŜŀ ς {ŜŎǝƻƴ р 

 

 
CŀŎƛƴƎ 9ŀǎǘ ς {ŜŎǝƻƴ р 

 
aŀǇ !ǊŜŀ ό½ƻƻƳŜŘύ ς {ŜŎǝƻƴ р 

  



74 

 

{ŜŎǝƻƴ Іс 

/ǊƻǎǎƛƴƎ ¢ȅǇŜ о 

hǾŜǊŀƭƭ wƛǎƪ aƻŘŜǊŀǘŜ 

²ƛƭŘƭƛŦŜ !ŎǝǾƛǘȅ aƻŘŜǊŀǘŜΣ ƳƻǊŜ ŀƭƻƴƎ ŜŀǎǘŜǊƴ ǎƛŘŜ 

/ǊƻǎǎƛƴƎ !ŎǝǾƛǘȅ [ƻǿκƳƻŘŜǊŀǘŜΦ Ϥрлκрл ƻƴ ǇŀǊŀƭƭŜƭ ǾǎΦ ǇŜǊǇŜƴŘƛŎǳƭŀǊ 

wƻŀŘǿŀȅ /ƘŀǊŀŎǘŜǊƛǎǝŎǎ hǇŜƴΣ ǎŜƳƛπŘƛǎŎǊŜǘŜ όŀŘƧ ǘƻ Ір ϧ тύΣ Ŭƭƭ ǘƻ Ŏǳǘ ǎŜŎǝƻƴΦ 

[ŜƴƎǘƘ Ϥррл Ƴ όϤлΦоо Ƴƛύ 

[ƛƴŜ ƻŦ {ƛƎƘǘ [ƛǧƭŜ ƻōǎǘǊǳŎǝƻƴΣ ǊƻŀŘ ŎǳǊǾŜǎ ƴƻǊǘƘǿŀǊŘ ŀƴŘ ǎƻƳŜ Ŏǳǘ ǎŜŎǝƻƴǎ ŀƴŘ 
ǾŜƎŜǘŀǝƻƴΦ 

bŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ /ǳǘ ǎŜŎǝƻƴǎ ǿƛǘƘƛƴ ǊƻŀŘ ǎŜŎǝƻƴΣ ōǳǘ Ƴƻǎǘƭȅ ƻǇŜƴΦ {ƻƳŜ ǾŜƎŜǘŀǝƻƴ ƴŜŀǊ 
ǎƻǳǘƘŜǊƴ ŜƴŘΦ 

bƻƴπbŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ /ǳǊǊŜƴǘƭȅ нҌ ŎƭƛƳōƛƴƎ ƭŀƴŜǎΣ ŜǾŜƴǘǳŀƭƭȅ п ƭŀƴŜǎΦ DǳŀǊŘǊŀƛƭǎ ǇǊƻǇƻǎŜŘ ŦƻǊ 
ƳŀƧƻǊƛǘȅ ƻŦ ǎŜŎǝƻƴΦ 

 
CŀŎƛƴƎ ²Ŝǎǘ ς {ŜŎǝƻƴ с 

 
aŀǇ !ǊŜŀ ς {ŜŎǝƻƴ с 

 

 
CŀŎƛƴƎ 9ŀǎǘ ς {ŜŎǝƻƴ с 

 
aŀǇ !ǊŜŀ ό½ƻƻƳŜŘύ ς {ŜŎǝƻƴ с 
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{ŜŎǝƻƴ Іт 

/ǊƻǎǎƛƴƎ ¢ȅǇŜ о 

hǾŜǊŀƭƭ wƛǎƪ aƻŘŜǊŀǘŜ κIƛƎƘ 

²ƛƭŘƭƛŦŜ !ŎǝǾƛǘȅ aƻŘŜǊŀǘŜ κƘƛƎƘΣ ōƻǘƘ ǎƛŘŜǎ ƻŦ ǊƻŀŘ 

/ǊƻǎǎƛƴƎ !ŎǝǾƛǘȅ aƻŘŜǊŀǘŜΣ Ϥрлκрл ƻƴ ǇŀǊŀƭƭŜƭ Ǿǎ ǇŜǊǇŜƴŘƛŎǳƭŀǊ 

wƻŀŘǿŀȅ /ƘŀǊŀŎǘŜǊƛǎǝŎǎ {ŜƳƛπƻǇŜƴΣ ǎŜƳƛπŘƛǎŎǊŜǘŜ όŀŘƧ ǘƻ Ісύ Ŏǳǘ ŀƴŘ ƻǇŜƴκŬƭƭ ǎŜŎǝƻƴǎ 

[ŜƴƎǘƘ Ϥулл Ƴ όлΦр Ƴƛύ 

[ƛƴŜ ƻŦ {ƛƎƘǘ [ƛǧƭŜ ǘƻ ƴƻ ƻōǎǘǊǳŎǝƻƴΣ ǎǘǊŀƛƎƘǘ ǎŜŎǝƻƴΦ 

bŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ [ŀǊƎŜ Ŏǳǘ ǎŜŎǝƻƴǎ ƻƴ ƴƻǊǘƘ ŜƴŘ ƻŦ ǎŜŎǝƻƴΣ ƻǇŜƴǎ ǳǇ ƻƴ ǎƻǳǘƘ ǎƛŘŜΦ 

bƻƴπbŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ /ǳǊǊŜƴǘƭȅ нҌ ŎƭƛƳōƛƴƎ ƭŀƴŜǎΣ ŜǾŜƴǘǳŀƭƭȅ п ƭŀƴŜǎΦ DǳŀǊŘǊŀƛƭǎ ǇǊƻǇƻǎŜŘ ŦƻǊ 
ƳŀƧƻǊƛǘȅ ƻŦ ǎŜŎǝƻƴΦ 5ǊŀƛƴŀƎŜ ǇƻƴŘ ƻƴ ƴƻǊǘƘ ǎƛŘŜΦ 

 
CŀŎƛƴƎ ²Ŝǎǘ ς {ŜŎǝƻƴ т 

 
aŀǇ !ǊŜŀ ς {ŜŎǝƻƴ т 

 

 
CŀŎƛƴƎ 9ŀǎǘ ς {ŜŎǝƻƴ т 

 
aŀǇ !ǊŜŀ ό½ƻƻƳŜŘύ ς {ŜŎǝƻƴ т 

  



76 

 

{ŜŎǝƻƴ Іу 

/ǊƻǎǎƛƴƎ ¢ȅǇŜ м 

hǾŜǊŀƭƭ wƛǎƪ aƻŘŜǊŀǘŜκIƛƎƘ 

²ƛƭŘƭƛŦŜ !ŎǝǾƛǘȅ aƻŘŜǊŀǘŜΣ ƘƛƎƘ ŘŜƴǎƛǘȅ ƴŜŀǊ ǊƻŀŘǿŀȅ 

/ǊƻǎǎƛƴƎ !ŎǝǾƛǘȅ aƻŘŜǊŀǘŜΣ Ϥрлκрл ƻƴ ǇŀǊŀƭƭŜƭ Ǿǎ ǇŜǊǇŜƴŘƛŎǳƭŀǊΦ 

wƻŀŘǿŀȅ /ƘŀǊŀŎǘŜǊƛǎǝŎǎ hǇŜƴΣ ŘƛǎŎǊŜǘŜΣ Ŭƭƭ ǎŜŎǝƻƴ 

[ŜƴƎǘƘ ϤмΦм ƪƳ όϤлΦт Ƴƛύ 

[ƛƴŜ ƻŦ {ƛƎƘǘ [ƛǧƭŜ ǘƻ ƴƻ ƻōǎǘǊǳŎǝƻƴΣ ǊŜƭŀǝǾŜƭȅ ǎǘǊŀƛƎƘǘ ǎŜŎǝƻƴΦ 

bŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ {ƻƳŜ ǾŜƎŜǘŀǝƻƴΣ ōǳǘ Ƴƻǎǘƭȅ ƻǇŜƴΣ Ŭƭƭ ǎŜŎǝƻƴΦ 

bƻƴπbŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ tǊƻǇƻǎŜŘ п ƭŀƴŜǎΦ DǳŀǊŘǊŀƛƭǎ ǇǊƻǇƻǎŜŘ ŦƻǊ ƳŀƧƻǊƛǘȅ ƻŦ ǎŜŎǝƻƴΦ 

 
CŀŎƛƴƎ ²Ŝǎǘ ς {ŜŎǝƻƴ у 

 
aŀǇ !ǊŜŀ ς {ŜŎǝƻƴ у 

 

 
CŀŎƛƴƎ 9ŀǎǘ ς {ŜŎǝƻƴ у 

 
aŀǇ !ǊŜŀ ό½ƻƻƳŜŘύ ς {ŜŎǝƻƴ у 

  



77 

 

{ŜŎǝƻƴ Іф 

/ǊƻǎǎƛƴƎ ¢ȅǇŜ о 

hǾŜǊŀƭƭ wƛǎƪ aƻŘŜǊŀǘŜ 

²ƛƭŘƭƛŦŜ !ŎǝǾƛǘȅ aƻŘŜǊŀǘŜΣ ŜǾŜƴ ŘƛǎǘǊƛōǳǝƻƴ ŀƭƻƴƎ ǊƻŀŘ 

/ǊƻǎǎƛƴƎ !ŎǝǾƛǘȅ aƻŘŜǊŀǘŜΣ Ϥрлκрл ƻƴ ǇŀǊŀƭƭŜƭ Ǿǎ ǇŜǊǇŜƴŘƛŎǳƭŀǊΦ 

wƻŀŘǿŀȅ /ƘŀǊŀŎǘŜǊƛǎǝŎǎ {ŜƳƛπƻǇŜƴΣ ǎŜƳƛπŘƛǎŎǊŜǘŜΣ Ŏǳǘ ŀƴŘ ƻǇŜƴκƘƛƭƭȅ ǎŜŎǝƻƴǎ 

[ŜƴƎǘƘ Ϥфрл Ƴ όϤлΦрр Ƴƛύ 

[ƛƴŜ ƻŦ {ƛƎƘǘ aƻŘŜǊŀǘŜ ƻōǎǘǊǳŎǝƻƴΣ {πōŜƴŘ ƛƴ ǊƻŀŘǿŀȅ ŀƴŘ ǾŜƎŜǘŀǝƻƴ Ҍ Ŏǳǘ ǎŜŎǝƻƴǎΦ 

bŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ ±ŜƎŜǘŀǝƻƴ ŀƴŘ Ŏǳǘ ǎŜŎǝƻƴǎ ƻƴ ōƻǘƘ ǎƛŘŜǎΦ 

bƻƴπbŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ tǊƻǇƻǎŜŘ п ƭŀƴŜǎΦ DǳŀǊŘǊŀƛƭǎ ǇǊƻǇƻǎŜŘ ŦƻǊ Ƴƻǎǘ ƻŦ ǎƻǳǘƘ ǎƛŘŜΣ ǎƻƳŜ ƻŦ ƴƻǊǘƘ 
ǎƛŘŜΦ 5ǊŀƛƴŀƎŜ ǇƻƴŘ ƻƴ ǎƻǳǘƘ ǎƛŘŜΦ 

 
CŀŎƛƴƎ ²Ŝǎǘ ς {ŜŎǝƻƴ ф 

 
aŀǇ !ǊŜŀ ς {ŜŎǝƻƴ ф 

 

 
CŀŎƛƴƎ 9ŀǎǘ ς {ŜŎǝƻƴ ф 

 
aŀǇ !ǊŜŀ ό½ƻƻƳŜŘύ ς {ŜŎǝƻƴ ф 

  



78 

 

{ŜŎǝƻƴ Імл 

/ǊƻǎǎƛƴƎ ¢ȅǇŜ о 

hǾŜǊŀƭƭ wƛǎƪ ±ŜǊȅ IƛƎƘ 

²ƛƭŘƭƛŦŜ !ŎǝǾƛǘȅ ±ŜǊȅ IƛƎƘΣ ŎƻƴŎŜƴǘǊŀǘŜŘ ƴŜŀǊ ƻǇŜƴ ǎŜŎǝƻƴǎΦ 

/ǊƻǎǎƛƴƎ !ŎǝǾƛǘȅ IƛƎƘΣ Ƴƻǎǘ ŀŎǝǾƛǘȅ ǾǎΦ ŀƴȅ ƻǘƘŜǊ ǎŜƎƳŜƴǘΦ 

wƻŀŘǿŀȅ /ƘŀǊŀŎǘŜǊƛǎǝŎǎ hǇŜƴΣ ŘƛǎŎǊŜǘŜΣ ǇǊƛƳŀǊƛƭȅ ŬƭƭκƻǇŜƴ ǎŜŎǝƻƴ 

[ŜƴƎǘƘ Ϥфрл Ƴ όϤлΦрр Ƴƛύ 

[ƛƴŜ ƻŦ {ƛƎƘǘ [ƛǧƭŜ ǘƻ ƴƻ ƻōǎǘǊǳŎǝƻƴΣ ǊŜƭŀǝǾŜƭȅ ǎǘǊŀƛƎƘǘ ǎŜŎǝƻƴΦ 

bŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ ±ŜƎŜǘŀǝƻƴ ƻƴ ŀƭƭ ǎƛŘŜǎΣ ƭŀǊƎŜ Ŏǳǘ ǎŜŎǝƻƴǎ ŀƭƻƴƎ ƴƻǊǘƘ ǎƛŘŜΣ Ƙƛƭƭǎ ƻƴ ǎƻǳǘƘ ǎƛŘŜΦ 

bƻƴπbŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ tǊƻǇƻǎŜŘ п ƭŀƴŜǎΦ DǳŀǊŘǊŀƛƭǎ ǇǊƻǇƻǎŜŘ ŦƻǊ Ƴƻǎǘ ƻŦ ǎƻǳǘƘ ǎƛŘŜΣ ǎƻƳŜ ƻŦ ƴƻǊǘƘ 
ǎƛŘŜΦ 

 
CŀŎƛƴƎ ²Ŝǎǘ ς {ŜŎǝƻƴ мл 

 
aŀǇ !ǊŜŀ ς {ŜŎǝƻƴ мл 

 

 
CŀŎƛƴƎ 9ŀǎǘ ς {ŜŎǝƻƴ мл 

 
aŀǇ !ǊŜŀ ό½ƻƻƳŜŘύ ς {ŜŎǝƻƴ мл 

  



79 

 

{ŜŎǝƻƴ Імм 

/ǊƻǎǎƛƴƎ ¢ȅǇŜ п 

hǾŜǊŀƭƭ wƛǎƪ IƛƎƘ 

²ƛƭŘƭƛŦŜ !ŎǝǾƛǘȅ IƛƎƘΣ ŜǎǇΦ ƻƴ ǿŜǎǘŜǊƴ ǇƻǊǝƻƴ Ƨǳǎǘ ŀƊŜǊ Ŏǳǘ ǎŜŎǝƻƴΦ 

/ǊƻǎǎƛƴƎ !ŎǝǾƛǘȅ IƛƎƘΣ ǎŜǾŜǊŀƭ ƎǊƻǳǇƛƴƎǎ ƻƴ ŜƛǘƘŜǊ ǎƛŘŜ ƻŦ ǊƻŀŘΦ 

wƻŀŘǿŀȅ /ƘŀǊŀŎǘŜǊƛǎǝŎǎ {ŜƳƛπƻǇŜƴ ǘƻ ƻǇŜƴΣ ƴƻƴπŘƛǎŎǊŜǘŜΣ Ŏǳǘ ǎŜŎǝƻƴǎΣ Ƴƻǎǘƭȅ ŬƭƭκƻǇŜƴ ǎŜŎǝƻƴǎ 

[ŜƴƎǘƘ ϤмΦо ƪƳ όϤлΦу Ƴƛύ 

[ƛƴŜ ƻŦ {ƛƎƘǘ {ƻƳŜ ƻōǎŎǳǊŀǝƻƴǎΦ {πōŜƴŘΣ Ŏǳǘ ǎŜŎǝƻƴ ŀƴŘ ǾŜƎŜǘŀǝƻƴ ƻƴ ƴƻǊǘƘ ǎƛŘŜΣ ōǳǘ ǊŜǎǘ 
ƛǎ ƻǇŜƴ ŀƊŜǊ ǊƻŀŘ ǎǘǊŀƛƎƘǘŜƴǎΦ {ƭƛƎƘǘ ǾŜǊǝŎŀƭ ƻōǎǘǊǳŎǝƻƴ ōǳǘ ōŜǘǿŜŜƴ ǎŜŎǝƻƴǎΦ 

bŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ Iƛƭƭǎ ŀƴŘ Ŏǳǘ ǎŜŎǝƻƴǎ ƻƴ ƴƻǊǘƘ ǎƛŘŜΣ ŬƭƭκƻǇŜƴ ƻƴ ǎƻǳǘƘ ǎƛŘŜΦ 

bƻƴπbŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ tǊƻǇƻǎŜŘ п ƭŀƴŜǎΦ DǳŀǊŘǊŀƛƭǎ ǇǊƻǇƻǎŜŘ ŦƻǊ ƳŀƧƻǊƛǘȅ ƻŦ ǎŜŎǝƻƴΦ 

 
CŀŎƛƴƎ ²Ŝǎǘ ς {ŜŎǝƻƴ мм 

 
aŀǇ !ǊŜŀ ς {ŜŎǝƻƴ мм 

 

 
CŀŎƛƴƎ 9ŀǎǘ ς {ŜŎǝƻƴ мм 

 
aŀǇ !ǊŜŀ ό½ƻƻƳŜŘύ ς {ŜŎǝƻƴ мм 

  



80 

 

{ŜŎǝƻƴ Імн 

/ǊƻǎǎƛƴƎ ¢ȅǇŜ п 

hǾŜǊŀƭƭ wƛǎƪ IƛƎƘ 

²ƛƭŘƭƛŦŜ !ŎǝǾƛǘȅ IƛƎƘΣ ǊŜƭŀǝǾŜƭȅ ŜǾŜƴ ŘƛǎǘǊƛōǳǝƻƴΣ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀƭƻƴƎ ǎƻǳǘƘŜǊƴƳƻǎǘ ǇƻǊǝƻƴǎ 

/ǊƻǎǎƛƴƎ !ŎǝǾƛǘȅ IƛƎƘΣ Ƴƻǎǘƭȅ ƴŜŀǊ ǘƘŜ ŎŜƴǘŜǊΣ ǿƛǘƘ ƎǊƻǳǇƛƴƎǎ ƻƴ ǘƘŜ ƴƻǊǘƘ ŀƴŘ ǎƻǳǘƘ ǎƛŘŜ 

wƻŀŘǿŀȅ /ƘŀǊŀŎǘŜǊƛǎǝŎǎ hǇŜƴΣ ƴƻƴπŘƛǎŎǊŜǘŜΣ ƻǇŜƴκŬƭƭ ǎŜŎǝƻƴǎ 

[ŜƴƎǘƘ ϤмΦс ƪƳ όϤм Ƴƛύ 

[ƛƴŜ ƻŦ {ƛƎƘǘ {ƻƳŜ ƻōǎŎǳǊŀǝƻƴǎ ŦǊƻƳ ǾŜƎŜǘŀǝƻƴ ƻƴ ōƻǘƘ ǎƛŘŜǎ ŀƴŘ Ŏǳǘ ǎŜŎǝƻƴ ƻƴ ƴƻǊǘƘ 
ǎƛŘŜΦ 

bŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ hƴ ŀ ǊƛŘƎŜΣ ǎƻƳŜ ǾŜƎŜǘŀǝƻƴΣ ǇǊƛƳŀǊƛƭȅ ƻƴ ƴƻǊǘƘ ǎƛŘŜΦ 

bƻƴπbŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ tǊƻǇƻǎŜŘ п ƭŀƴŜǎΦ bƻ ǇǊƻǇƻǎŜŘ ƎǳŀǊŘǊŀƛƭǎΦ 

 
CŀŎƛƴƎ ²Ŝǎǘ ς {ŜŎǝƻƴ мн 

 
aŀǇ !ǊŜŀ ς {ŜŎǝƻƴ мн 

 

 
CŀŎƛƴƎ 9ŀǎǘ ς {ŜŎǝƻƴ мн 

 
aŀǇ !ǊŜŀ ό½ƻƻƳŜŘύ ς {ŜŎǝƻƴ мн 

  



81 

 

{ŜŎǝƻƴ Імо 

/ǊƻǎǎƛƴƎ ¢ȅǇŜ п 

hǾŜǊŀƭƭ wƛǎƪ aƻŘŜǊŀǘŜ 

²ƛƭŘƭƛŦŜ !ŎǝǾƛǘȅ aƻŘŜǊŀǘŜΣ Ƴƻǎǘƭȅ ƻƴ ƴƻǊǘƘ ǎƛŘŜΦ 

/ǊƻǎǎƛƴƎ !ŎǝǾƛǘȅ [ƻǿκƳƻŘŜǊŀǘŜΣ ǇǊƛƳŀǊƛƭȅ ƻƴ ǿŜǎǘŜǊƴ ǇƻǊǝƻƴΦ 

wƻŀŘǿŀȅ /ƘŀǊŀŎǘŜǊƛǎǝŎǎ hǇŜƴΣ ƴƻƴπŘƛǎŎǊŜǘŜΣ ƻǇŜƴ ŀƴŘ Ŭƭƭ ǎŜŎǝƻƴǎΦ 

[ŜƴƎǘƘ Ϥм ƪƳ όϤлΦсо Ƴƛύ 

[ƛƴŜ ƻŦ {ƛƎƘǘ [ƛǧƭŜ ǘƻ ƴƻ ƻōǎŎǳǊŀǝƻƴΣ ǎƻƳŜ ǾŜƎŜǘŀǝƻƴ ƻƴ ƴƻǊǘƘ ǎƛŘŜ ƻƴ ǿŜǎǘŜǊƴ ǇƻǊǝƻƴΣ 
ƘƛƭƭκǾŜƎŜǘŀǝƻƴ ǎŜŎǝƻƴ ƻƴ ǎƻǳǘƘ ǎƛŘŜ ƻƴ ŜŀǎǘŜǊƴ ǇƻǊǝƻƴΣ Ǉŀǎǘ ƛƴǘŜǊǎŜŎǝƻƴΦ 

bŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ aǳŎƘ ǾŜƎŜǘŀǝƻƴΣ ǎƻƳŜ ƘƛƭƭǎΦ 

bƻƴπbŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ tǊƻǇƻǎŜŘ п ƭŀƴŜǎΦ bƻ ǇǊƻǇƻǎŜŘ ƎǳŀǊŘǊŀƛƭǎΦ оπǿŀȅ ƛƴǘŜǊǎŜŎǝƻƴ ƻƴ ǎƻǳǘƘ ǎƛŘŜΦ 

 
CŀŎƛƴƎ ²Ŝǎǘ ς {ŜŎǝƻƴ мо 

 
aŀǇ !ǊŜŀ ς {ŜŎǝƻƴ мо 

 

 
CŀŎƛƴƎ 9ŀǎǘ ς {ŜŎǝƻƴ мо 

 
aŀǇ !ǊŜŀ ό½ƻƻƳŜŘύ ς {ŜŎǝƻƴ мо 

  



82 

 

{ŜŎǝƻƴ Імп 

/ǊƻǎǎƛƴƎ ¢ȅǇŜ п 

hǾŜǊŀƭƭ wƛǎƪ aƻŘŜǊŀǘŜκIƛƎƘ 

²ƛƭŘƭƛŦŜ !ŎǝǾƛǘȅ aƻŘŜǊŀǘŜΣ ŎƻƴŎŜƴǘǊŀǘŜŘ Ƴƻǎǘƭȅ ƻƴ ƴƻǊǘƘ ǎƛŘŜΣ ōǳǘ ƳƻǊŜ ƻƴ ǎƻǳǘƘ ǎƛŘŜ ƴŜŀǊ 
ƻǇŜƴƛƴƎ 

/ǊƻǎǎƛƴƎ !ŎǝǾƛǘȅ aƻŘŜǊŀǘŜΣ ǎŜǾŜǊŀƭ ƎǊƻǳǇƛƴƎǎ ƴŜŀǊ ǊƻŀŘǿŀȅ 

wƻŀŘǿŀȅ /ƘŀǊŀŎǘŜǊƛǎǝŎǎ aƻǎǘƭȅ ƻǇŜƴΣ ƴƻƴπŘƛǎŎǊŜǘŜΣ ŎǳǘΣ ƻǇŜƴΣ ŀƴŘ Ŭƭƭ ǎŜŎǝƻƴǎ 

[ŜƴƎǘƘ Ϥтрл Ƴ όϤлΦр Ƴƛύ 

[ƛƴŜ ƻŦ {ƛƎƘǘ {ƻƳŜ ƻōǎŎǳǊŀǝƻƴǎ ŦǊƻƳ Ƙƛƭƭǎ ŀƴŘ ǾŜƎŜǘŀǝƻƴ ƻƴ ōƻǘƘ ǎƛŘŜǎΦ 

bŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ IƛƭƭǎκǾŜƎŜǘŀǝƻƴ ǎƻǳǘƘ ǎƛŘŜΣ Ŭƭƭ ǎŜŎǝƻƴ ƴƻǊǘƘ ǎƛŘŜΦ 

bƻƴπbŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ tǊƻǇƻǎŜŘ п ƭŀƴŜǎΦ bƻ ǇǊƻǇƻǎŜŘ ƎǳŀǊŘǊŀƛƭǎΦ 

 
CŀŎƛƴƎ ²Ŝǎǘ ς {ŜŎǝƻƴ мп 

 
aŀǇ !ǊŜŀ ς {ŜŎǝƻƴ мп 

 

 
CŀŎƛƴƎ 9ŀǎǘ ς {ŜŎǝƻƴ мп 

 
aŀǇ !ǊŜŀ ό½ƻƻƳŜŘύ ς {ŜŎǝƻƴ мп 
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{ŜŎǝƻƴ Імр 

/ǊƻǎǎƛƴƎ ¢ȅǇŜ м 

hǾŜǊŀƭƭ wƛǎƪ [ƻǿκaƻŘŜǊŀǘŜ 

²ƛƭŘƭƛŦŜ !ŎǝǾƛǘȅ [ƻǿκƳƻŘŜǊŀǘŜΣ ŎƻƴŎŜƴǘǊŀǘŜŘ ƻƴ ƴƻǊǘƘ ǎƛŘŜ 

/ǊƻǎǎƛƴƎ !ŎǝǾƛǘȅ [ƻǿΣ ŦŜǿ ŎǊƻǎǎƛƴƎǎ 

wƻŀŘǿŀȅ /ƘŀǊŀŎǘŜǊƛǎǝŎǎ hǇŜƴΣ ŘƛǎŎǊŜǘŜΣ ƻǇŜƴ ŀƴŘ Ŭƭƭ ǎŜŎǝƻƴǎ 

[ŜƴƎǘƘ Ϥррл Ƴ όϤлΦоо Ƴƛύ 

[ƛƴŜ ƻŦ {ƛƎƘǘ [ƛǧƭŜκƴƻ ƻōǎŎǳǊŀǝƻƴΦ {ǘǊŀƛƎƘǘ ǊƻŀŘǿŀȅΣ ŀƴŘ ƭƛǧƭŜ ǾŜƎŜǘŀǝƻƴΦ 

bŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ Cƛƭƭ ǎŜŎǝƻƴ ǘƘǊƻǳƎƘƻǳǘΦ 

bƻƴπbŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ tǊƻǇƻǎŜŘ п ƭŀƴŜǎΦ DǳŀǊŘǊŀƛƭǎ ǇǊƻǇƻǎŜŘ ŦƻǊ ƳŀƧƻǊƛǘȅ ƻŦ ōƻǘƘ ǎƛŘŜǎ ƻŦ ǊƻŀŘΦ 
5ǊŀƛƴŀƎŜ ǇƻƴŘ ƻƴ ǎƻǳǘƘ ǎƛŘŜΦ 

 
CŀŎƛƴƎ ²Ŝǎǘ ς {ŜŎǝƻƴ мр 

 
aŀǇ !ǊŜŀ ς {ŜŎǝƻƴ мр 

 

 
CŀŎƛƴƎ 9ŀǎǘ ς {ŜŎǝƻƴ мр 

 
aŀǇ !ǊŜŀ ό½ƻƻƳŜŘύ ς {ŜŎǝƻƴ мр 
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{ŜŎǝƻƴ Імс 

/ǊƻǎǎƛƴƎ ¢ȅǇŜ м 

hǾŜǊŀƭƭ wƛǎƪ aƻŘŜǊŀǘŜ 

²ƛƭŘƭƛŦŜ !ŎǝǾƛǘȅ [ƻǿκaƻŘŜǊŀǘŜ ƻƴ ōƻǘƘ ǎƛŘŜǎΣ ƳƻǊŜ ƻƴ ǘƘŜ ƴƻǊǘƘ ǎƛŘŜ 

/ǊƻǎǎƛƴƎ !ŎǝǾƛǘȅ aƻŘŜǊŀǘŜΣ ǎŜǾŜǊŀƭ ƎǊƻǳǇƛƴƎǎ ƻƴ ŜƛǘƘŜǊ ǎƛŘŜ ƻŦ ǊƻŀŘ 

wƻŀŘǿŀȅ /ƘŀǊŀŎǘŜǊƛǎǝŎǎ hǇŜƴΣ ŘƛǎŎǊŜǘŜΣ ƻǇŜƴ ŀƴŘ Ŭƭƭ ǎŜŎǝƻƴǎ 

[ŜƴƎǘƘ Ϥслл Ƴ όϤлΦоу Ƴƛύ 

[ƛƴŜ ƻŦ {ƛƎƘǘ {ƻƳŜ ƻōǎŎǳǊŀǝƻƴǎ ƻƴ ǎƻǳǘƘ ǎƛŘŜ ŦǊƻƳ ƭŀǊƎŜ ƘƛƭƭΦ 

bŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ Cƛƭƭ ǎŜŎǝƻƴ ƴƻǊǘƘ ǎƛŘŜΣ ƭŀǊƎŜ Ƙƛƭƭ ƻƴ ǎƻǳǘƘ ǎƛŘŜΦ 

bƻƴπbŀǘǳǊŀƭ {ǘǊǳŎǘǳǊŜǎ tǊƻǇƻǎŜŘ п ƭŀƴŜǎΦ DǳŀǊŘǊŀƛƭǎ ǇǊƻǇƻǎŜŘ ŦƻǊ ƳŀƧƻǊƛǘȅ ƻŦ ƴƻǊǘƘ ǎƛŘŜ ƻŦ ǊƻŀŘΣ ƴƻƴŜ 
ƻƴ ǎƻǳǘƘ ǎƛŘŜΦ 

 
CŀŎƛƴƎ ²Ŝǎǘ π {ŜŎǝƻƴ мс 

 
aŀǇ !ǊŜŀ π {ŜŎǝƻƴ мс 

 
CŀŎƛƴƎ 9ŀǎǘ π {ŜŎǝƻƴ мс 

 
aŀǇ !ǊŜŀ ό½ƻƻƳŜŘύ π {ŜŎǝƻƴ мс
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APPENDIX D 

Vendor Responses and Cost Estimates 

A breakdown of the estimated cost of system components, and a cost per unit length based on the length of roadway each system covers, using the information provided 

in the vendor responses (below). Also provides other cost considerations that are not included in the cost per unit length calculation. 

Vendor ADS Type Method Distance 

Covered/ 

Monitored 

Cost per 

Single 

System 

Other System Costs(1) Addôl Costs Single 

System 

Total Cost 

Cost per unit 

length 

ProWild/ 

Animex 

Area Cover Thermal, 

long 

range 

1,470m (4,823ft) $60,000  Controller Cabinet: $32,500 

Signage: $2,500 x 8 

Solar Units: $1,500 x 8 

$12,750 

Engineering 

& Software 

$137,250 $93.37/m 

($28.46/ft) 
2 Cameras, 735m 

(2,411ft) per 

camera 

2 Cameras, 

$30,000 per 

camera 

ProWild/ 

Animex 

Area Cover Thermal, 

short 

range 

 

368m (1,207ft) $15,000 Controller Cabinet: $32,500 

Signage: $2,500 x 2 

Solar Units: $1,500 x 2 

$12,750 

Engineering 

& Software 

$68,250 $185.46/m 

($56.54/ft) 
2 Cameras, 184m 

(604ft) per 

camera 

2 Cameras, 

$7,500 per 

camera 

ProWild/ 

Animex 

Area Cover Thermal, 

short 

range 

 

736m (2,415ft) $30,000 Controller Cabinet: $32,500 

Signage: $2,500 x 4 

Solar Units: $1,500 x 4 

$12,750 

Engineering 

& Software 

$91,250 $123.98/m 

($37.78/ft) 4 Cameras, 184m 

(604ft) per 

camera 

4 Cameras, 

$7,500 per 

camera 

Senstar Under-

ground 

Buried 

Cable 

800m (2,625ft), 

covering one side 

of roadway 

$56,180 Signage: $2,500 x 4 

Solar Units: $1,500 x 4 

$10,000 

estimated 

assessment 

$82,180(2) $102.73/m 

($31.31/ft) $36,830 for 

cabling, 

$19,350 for 

components 

Senstar Under-

ground 

Buried 

Cable 

800m (2,625ft) x 

2, covering both 

sides of roadway 

$112,360 

total 

 

 

 

 

 

 

 

Signage: $2,500 x 4 

Solar Units: $1,500 x 4 

 

 

 

 

 

 

$10,000 

estimated 

assessment 

$138,360(3) $172.95/m 

($52.71/ft) 

$73,660 for 

cabling, 

$38,700 for 

components 
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1Signage strategy based on ProWild/Animex guidance of ~2 signs per 400 m (1,312ft, ~¼ mi), one oriented in either direction. Solar units to power individual signs. 

2Assuming 800 m buried cable system is installed on one side of roadway. 

3Assuming 800 m buried cable system is installed on both sides of roadway. 

4CrossTekCo Provided their own signage option. Solar power and remote connectivity included. 

A breakdown of other cost considerations, provided by CrossTekCo in their response to price estimates (see iv. CrossTekCo, below). 

Other Cost Considerations 

Solar Power (per controller box) $6,500 ï 9,500 

Software $1,200 ï 18,000, depending on complexity of the system 

Design Package $35,000 ï $120,000, depending on VDOT requirements 

Vendor Support $25,000 

Training/ Handoff $9,000 

Maintenance Contract $14,500 per year (labor only, does not include parts) 

Extended Warranties Approximately 7% of original equipment cost 

Shipping, taxes, permits, bonding Not included 

Construction/ Infrastructure Not included (e.g., trenches, concrete, conduit, etc.)  

  

Vendor ADS Type Method Distance 

Covered/ 

Monitored 

Cost per 

Single 

System 

Other System Costs(1) Addôl Costs Single 

System 

Total Cost 

Cost per unit 

length 

 

CrossTekCo Area Cover Radar 2,575m (8,448ft) $75,000 Controller Cabinet: $65,000 

Signage: $6,500 x 12(4) 

$15,000 site 

assessment 

$218,000 $84.66/m 

($25.80/ft) 
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i. Senstar 

 
 


































