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ABSTRACT

A detailed critical evaluation of deer-vehicle crash (DVC) countermeasure safety analyses has been completed during the last three years.  Previous summaries of this literature have not focused on the adequacy or rigor of these analyses, and have generally repeated and/or based recommendations on the exaggerated and sometimes incorrect safety impact conclusions presented in past documents.  A comparison of past safety analysis designs and documentation to generally accepted transportation safety research standards was completed for 16 potential DVC countermeasures.  The countermeasures were grouped into one classification system based on the general safety result trends of past research, and another system that used categories defined for the safety strategies used in the implementation of the American Association of State Highway Transportation Official (AASHTO) Strategic Highway Safety Plan. All but two of the DVC countermeasures were grouped into the AASHTO “tried” and “experimental” categories.  The proper implementation of wildlife fencing and crossings has consistently resulted in DVC reductions and were categorized as “proven” strategies.  The majority of the DVC countermeasures reviewed are used in the field, but their actual safety impacts have rarely or never been studied.  The study of other countermeasures has produced conflicting safety analysis results.  The use of past research results to develop valid DVC countermeasure crash reduction factors is not currently considered advisable given the safety analysis approaches used and the results produced.  Research needs for the countermeasure categories are suggested to guide the activities needed to achieve this goal. 

INTRODUCTION
It has been estimated that more than a million deer-vehicle crashes (DVCs) occur each year in the United States, but that less than half of them are reported (1).  These collisions are believed to cause more than one billion dollars in property damage (1).   An intensive and detailed critical evaluation of deer-vehicle crash (DVC) countermeasure safety analyses has been completed during the last three years (2).  Previous summaries of this literature have not focused on the adequacy or rigor of these analyses, and have generally repeated and/or based recommendations on the exaggerated and sometimes incorrect safety impact conclusions presented in past documents (3, 4, 5).  Unfortunately, these conclusions have consistently been used to inappropriately create, from a safety impact point of view, what appear to be definitive “what works and what doesn’t” DVC countermeasure lists.  A safety analysis based review of past DVC countermeasure documentation, however, does not generally reveal any definitive, and/or repeated and confirmed, crash reduction studies that allow this type of list to be created (2).  

For the project described in this paper, past DVC countermeasure safety analyses (and its documentation) were compared to generally accepted transportation safety research standards.  The results of this comparison were used to properly determine the current state-of-the-knowledge related to the crash reduction benefits of 16 potential DVC countermeasures (2).   The results of this activity are summarized in this paper, and the countermeasures are categorized, for the first time, by how much they have been studied, general trends in the results of their safety analyses, and their use in the field.  The countermeasure reviewed are also grouped using the same categories applied to the safety strategies suggested for implementation in the American Association of State Highway and Transportation Officials (AASHTO) Strategic Highway Safety Plan (6).  This document and its implementation reports are expected to be a primary resource for safety mitigation and research decision-making throughout the United States (6).  The use of this categorization, which has never been applied to DVC countermeasures, is considered essential for their future consideration as potential transportation safety improvements.  Finally, the research needs for each series of DVC countermeasure categories are suggested.  

SAFETY EFFECTIVNESS STATE-OF-KNOWLEDGE 

Driver-Focused Measures

In-Vehicle Technologies

No published safety analyses were found that evaluated the DVC reduction capabilities of in-vehicle sensors or vision technologies.  However, the application of these technologies in the general vehicle population is very recent and the ability to do this type of large-scale study probably has not been possible.  An evaluation of the DVC reduction capabilities of these technologies for a wide range of drivers would be of interest.  Their potential to reduce the number of DVCs (if properly used) appears to exist (7). 

Speed Limit Reduction

Two studies that evaluated speed limit reduction as a potential DVC countermeasure were reviewed (8, 9).  In both cases the researchers suggested that there was a relationship between animal-vehicle collisions and posted speed limits.  In certain instances, but not all, their research results appear to show a less then expected number of animal-vehicle collisions along roadway segments with lower posted speed limits.  To reach this conclusion, one study statistically compared the proportion of roadway mileage with a particular posted speed limit to the proportion of animals killed along those segments.  The other study compared the frequency and rate per roadway length of animal-vehicle collisions before and after a posted speed limit change.  No studies were found that specifically focused on the number of DVCs and posted speed limit.  

The design of these two “speed limit reduction” studies limits the usefulness of their results.  Overall, like the analysis of many other animal-vehicle crash countermeasures, these two studies did not address, document, and/or attempt to control for, a number of factors that could impact the validity and usefulness of their conclusions.  For example, neither study quantitatively considered the differences in traffic volume or the adjacent animal population along the segments considered.  A comparison of the proportion of animal-vehicle collisions to the proportion of roadway mileage (with a particular posted speed limit) also assumes a uniform distribution of animal population, and ignores any positive or negative relationships that might exist between roadway design, topography, posted speed limit, operating speed, and animal habitat.  Future studies in this area need to take a more appropriate safety data analyses approach or more properly document the limitations that exist in the results of he analysis approach used. 

Deer Crossing Signs and Technologies

Several studies were reviewed that evaluated the potential impacts of specially designed deer crossing signs on roadside deer carcasses and/or vehicle operating speed (2, 10, 11, 12, 13).  Two studies of a lighted deer crossing sign believed that it did produce vehicle speed reductions (10, 11).  However, the outcome of a more in-depth study (by some of the same researchers) of a lighted and animated sign design did not appear to indicate that the resultant vehicle speed reduction produced a reduction of the number of roadside deer carcasses (i.e., DVCs) (11).  Unfortunately, these study results are also based on only 15 weeks of data and the variability in DVCs and the factors that impact their occurrence limit their validity and transferability (11). 

The seasonal use of specially designed deer crossing signs was also considered in two states (12, 13).  Researchers in Utah installed signs during the mule deer migratory season, and observed reductions in vehicle speed and DVCs (12).  However, researchers in Michigan investigated the impact of a different deer crossing sign design that was installed during the fall months (a “high” DVC and white-tailed deer movement time period), and generally found no significant reduction in DVCs or vehicle speed (13).  The differences in these two studies included sign design, animal species, and apparently the general ability of drivers to appropriately assess the risk of a collision at a particular time and location.  In Utah the familiarity of the drivers with the distinct migratory seasons and locations of the mule deer were believed to have had an impact on the sign effectiveness.  It is proposed that more consistent and incremental safety studies may be needed to support or refute the speed- and DVC-reduction impacts of properly installed (i.e., at “high” DVC locations) deer crossing signs for both the existing and any proposed designs. 

There are also a number of systems that combine dynamic signs and sensors that are being considered or have been installed throughout the world (14). The recent development of these systems requires an initial evaluation and improvement of their activation reliability.   One key to the successful application of these systems is the minimization of false activations.  The operation and effectiveness of some existing systems are currently being studied, but at this point in time, only the Nugget Canyon, Wyoming systems analysis appears to have been studied and documented in detail within the United States.  The researchers doing this evaluation concluded that when the system worked properly it produced a small, but statistically significant, reduction in average vehicle speeds.   The DVC impact of other systems in the United States is still under investigation, and source documentation of European studies are being pursued (14).   It is recommended that properly designed monitoring and evaluation studies be included as part of the installation of all new systems.  

Public Information and Education

Public information and education, combined with engineering and herd reduction activities, is generally acknowledged as a key component to a comprehensive DVC reduction program.  Unfortunately, similar to other driver education programs, proving the crash reduction impact of particular informational campaigns is extremely difficult.  No experimental research that attempted to directly connect specific public information and education campaigns with a resultant DVC reduction or potential reduction was found.  An annual or semi-annual reminder of the DVC problem, however, could potentially change some driver behaviors during critical time periods. The limited amount of information available about the DVC-reduction capabilities of almost all the countermeasures reviewed also makes the provision of good public information and education about how to drive to avoid DVCs all that more important. 
Animal-Focused Measures

Deer Whistles

The DVC reduction impacts of air-activated deer whistles has generally been investigated through the use of non-scientific before-and-after studies and some documented research into the hearing capabilities of deer.  In general, the relatively poor design and/or documentation of the before-and-after studies (e.g., sample size) have produced dramatically conflicting results.  No safety-based conclusions can be drawn from these studies as a whole (2, 15, 16, 17).  Better experimental designs, from a safety point of view, and documentation are recommended to determine the crash reduction impacts of these devices.

A small amount of documented/published research has also been completed in the area of deer auditory capabilities and their reaction to air-activated whistles.  For the most part, it has been found that the range of hearing sensitivity for deer is two to six kilohertz (kHz), and only some whistles apparently make sound within that range.  It has also been generally concluded, a laboratory (and based on a series of assumptions) that it might be difficult for deer to hear the sound from these devices when combined with typical vehicle roadway noise levels (18).  The ability of whistles to produce the advertised level of sound at an adequate distance within the typical environment of a roadway has also been questioned (2, 18, 19).  Proper fieldwork is needed in this area, and one ongoing study at the University of Georgia is working to better understand the specifics of this subject.  

Deicing Salt Alternatives

Animals are naturally attracted to salt sources, and there has been speculation that the use of roadway salt for winter maintenance purposes may increase DVCs.  Only one study was found that attempted to consider the quantitative impacts of roadway salt on animal-vehicle collisions, and its focus was on the patterns of moose-vehicle collisions near roadside saltwater pools (20).  It was found that moose were highly attracted to roadside pools with levels of high salt concentration.  The moose-vehicle crash data also showed that approximately 43 percent of the moose-vehicle collisions in the study area occurred within 328.1 feet (100 meters) of a saltwater pool.  However, about the same amount occurred more than 984.3 feet (300 meters) away from the pools.  The researchers concluded that the distribution of the observed moose-vehicle crashes near the roadside pools was much higher than what might randomly be expected (20).  The assumption used in this comparison (i.e., all locations have an equal chance for a crash) is questionable and no comparisons were completed about how many moose-vehicle crashes might not have occurred if the saltwater pools (or the use of roadway salt) were eliminated or reduced. No safety studies related to the number of additional DVCs that occur due to the use of roadway salt were found.

Deer-Flagging Models

White-tailed deer raise their tails to expose their white undersurface (i.e., deer-flagging) as a warning signal.  In one study wood silhouettes of models of this deer-flagging warning stance were installed along a roadside to warn deer away from the roadway (21).  However, none of the deer-flagging model designs considered in the study appeared to conclusively indicate that their addition to the roadside reduced the number of deer that were observed and/or crossed the study roadway right-of-way.  In some cases fewer deer were seen along the treatment segments than the control segments, but in others the number of deer observed increased after the models were installed.  The general fluctuations in deer movements and the variability in data observation approaches (and time periods) also appeared to confound attempts, at least in some of the experiments, to connect deer behavior to the presence or absence of the flagging models.  The researchers involved with the study generally concluded that they had failed to demonstrate that the use of deer-flagging models was an effective method of reducing the number of deer observed along the highway right-of-way.   A similar well-designed study in the future might be considered to validate or refute the results of this study. The results of one study are not typically used to definitively conclude the safety impact of a device.  In addition, unlike this study summarized here, future projects should include the potential safety or DVC impact these models might have on DVCs. 

Intercept Feeding

Intercept feeding involves the provision of feeding stations outside the roadway area.  The objective is to divert animals to the feeding areas before they cross the roadway.  One study was found that attempted to evaluate the impact of this DVC countermeasure (22).  The researchers generally concluded that intercept feeding might be an effective short-term mitigation measure that could reduce DVCs by 50 percent or less (22).  However, the safety analyses results actually documented appear to be contradictory.  In addition, there was no documentation of the number of DVCs that occurred along the roadway segments evaluated before the intercept feeding stations were in operation.  The investigators were also of the opinion that the potential for a short-term reduction in DVCs of 50 percent or less was not sufficient enough to justify the amount of work and funding necessary for the implementation of an intercept feeding program.  It was suggested that intercept feeding might be combined with other countermeasures to increase its effectiveness. A well-designed and documented safety analyses that supports or refutes the results of this one study is appropriate.

Roadside Reflectors and Mirrors

The roadside reflector/mirror studies and literature reviewed were grouped into four categories (2, 23, 24, 25, 26).  Past roadside reflector/mirror research typically used either a cover/uncover, before-and-after, or control/treatment study approach to evaluate their impact. The studies summarized (which represent only a sample of the reflector documents available) had conflicting results.  Overall, 5 of the 10 studies summarized had conclusions that indicted roadside reflectors did not appear to impact the number of roadside carcasses or DVCs, and 2 of the 10 concluded that they did.  Three of the 10 studies summarized appeared to reach inconclusive or mixed results.  Most of the studies that evaluated deer behavior related to roadside reflectors were also inconclusive or concluded that they either did not appear to react to the light from the reflectors and/or quickly became habituated to the light patterns.  Unfortunately, the experimental designs and details of all the studies varied, and direct comparisons of their results are not entirely valid.   At this point in time it is difficult to conclude the DVC-reduction effectiveness of roadside reflector/mirror devices due to the conflicting results of the studies summarized.  It is recommended that a definitive safety impact analysis of roadside reflector/mirror be completed. 

Repellents

A large number of studies, with varied approaches, have attempted to evaluate the effectiveness of numerous repellents (of varying composition) on the feeding patterns of several different types of captive animals (2, 27, 28, 29, 30).  The studies summarized investigate repellent impacts on white-tailed deer, mule deer, caribou, and elk.  No studies were found that tested the effectiveness or potential safety impacts of roadside repellent use.  In 2003, a detailed literature review and qualitative summary of a large number of repellent studies was also completed to investigate the potential for an area repellent system to keep ungulates (e.g., deer) away from roadways (31).  It was determined that the area-based repellents with the most potential were putrescent egg and natural predator odors.  However, their potential still needs to be tested in the field.  It was also noted that there should not be an expectation that one repellent will result in complete deterrence, or that the choice of which specific repellent (e.g., type of predator odor or repellent brand name) to use for roadside purposes is obvious.  The effective and economical application of repellents to potentially reduce roadside browsing of deer would need to consider how the repellent is applied, at what time intervals, cost, animal habituation, overall ecological impacts, and the locations to which is it applied.
Hunting or Herd Reduction

The relationship between specific hunting policies or activities and their impact on white-tailed deer population is generally acknowledged.  However, the impact of these same policies or activities on the number of DVCs that occur along roadways within deer managed areas has not been studied in a quantitatively proper and comprehensive manner.  The primary objective of most hunting or herd reduction studies is not DVC reductions.  Researchers have typically investigated the impact of these activities on the deer population, and then suggested that the reduction in deer population or density produced by these activities should lead to a reduction in DVCs.  The number of DVCs in an area is sometimes used as a factor in large-area herd management decisions, and in urban areas the reduction in DVCs is often the reason herd reduction activities are initiated. There is a need for a focused study of the causal connections between hunting or herd reduction management policies and their potential impact on DVCs. Small area studies of hunting/herd reduction activities have suggested some promising results, but the DVC analyses in these studies lack rigor and are often poorly documented (2, 32, 33).

Roadside Vegetation Management

It has been speculated that certain roadside vegetation management policies or plantings may attract deer and subsequently increase DVCs.  No studies were found, however, that specifically analyzed the DVC safety impacts of changes in roadside vegetation management policies/plantings (2).  Two studies were found, however, that may at least show the DVC reduction potential of vegetation clearing (34, 35).  These studies focused on moose and their interaction with motor vehicles and trains (34, 35).  In the first study the clearing of low vegetation within 65.6 feet (20 meters) of the roadway appeared to reduce moose-vehicle crashes by almost 20 percent, but this reduction was too close to the natural variability of these data to make any appropriate impact conclusions (34). The second study evaluated a similar but more extensive removal of vegetation along railroads in Norway, and showed more than a 50 percent reduction in moose-train collisions (35).  However, the amount of data used in the study was limited and the individual segment results were highly variable (35).  Unlike most other DVC countermeasure reports, however, this limitation was recognized by the researchers.  They indicated that their experimental design could have resulted in an overstatement of the crash reductions from vegetation clearing.  There is still a need to properly study and document the actual safety impacts of vegetation clearing along roadway segments.

Exclusionary Fencing

Several studies have examined the various impacts of exclusionary right-of-way (ROW) fencing (2, 36, 37, 38).  Other studies have considered the similar impacts of fencing installations with one-way gates, earthen escape ramps, and/or wildlife crossings (2, 39, 40, 41).  Overall, the fencing installations evaluated have resulted in white-tailed/mule deer roadside carcass (i.e., mortality) reductions of 60 to 97 percent (2).  Some of these installations included exclusionary fencing only, but others combined fencing and one-way gates, and a sample of sites included fencing, one-way gates, and wildlife crossings.  Almost all of the studies that considered DVC reductions were for fencing that was approximately 8-feet (2.44-meter) in height.  Several studies attempted to evaluate the impacts of different fencing heights, but they either did not have enough data to make valid conclusions, found conflicting results, and/or failed to control for confounding variables (e.g., existing fence holes and gaps).  It is recommended that future fencing evaluations consider more detailed design questions related to exclusionary fencing (e.g., what height is needed), and also include a DVC reduction analysis that incorporates currently accepted evaluation approaches (or minimally properly documents the limitations that can result from the use of simple before-and-after analyses, for example). The variability in the roadside carcass or DVC reductions that appear to result from similar fencing installations is relatively high, and the results should be used with caution. Three factors that may have produced this wide range of results include variations in fencing installation quality, maintenance/repair activities, and a focus on the immediate removal of animals that do enter the fenced ROW.  The combination of exclusionary fencing with other complementary infrastructure (e.g., one-way gates, earthen escape ramps, and/or wildlife crossings) may also increase the amount of the observed DVC reduction along a roadway segment.  Without some of these complementary infrastructure components, animals could enter the ROW but not be able to exit before being hit by a vehicle.

Wildlife Crossings

There appears to be a significant amount of information available on the application and animal use of specific wildlife crossing/fencing installations (2, 42, 43, 44).  The range of DVC-reduction results produced by these combination installations were described in the previous “Exclusionary Fencing” section of this paper.  Crash and/or roadside carcass reductions from fencing and wildlife crossings combinations ranged from 60 to 97 percent (2).  It is generally accepted that a properly located, designed, and maintained crossing/fencing combination can significantly reduce animal mortality along a roadway segment. In fact, it is rare and not generally advisable to install a crossing, specifically for wildlife, without some type of exclusionary fencing.  

Significant gaps do exist, however, in the current state-of-the-knowledge (or its documentation) for crossing design decision-making (e.g., “best” crossing geometry and location) (44).   Currently, it would appear that heights as low as 7 to 8 feet and widths as narrow as 20 to 25 feet are considered minimum design criteria for the use of an underpass by deer.  However, designing for the “minimum” is not a typical approach for any roadway bridge designs, and it would typically not be the preferred or recommended approach in the case of wildlife crossings.  Overpasses are either square or hourglass shaped and it has been suggested that they be constructed with widths (at their narrowest point) of 100 feet or more.  These types of designs have been used successfully in Europe for many years.  It is expected that the results of two ongoing/proposed research projects may reduce some of the gaps in the current state-of-the-knowledge that exist for wildlife crossings, but additional evaluation of the details related to the effective implementation of wildlife crossings are still needed.   
Driver- and/or Animal-Focused Measures

Roadway Lighting

One study was found that attempted to directly relate the existence of roadway lighting to a reduction in DVCs (45).  This study investigated the changes in deer crossing patterns and average vehicle speeds that might occur with the addition of lighting.  The study researchers concluded that the addition of lighting did not appear to have an impact on DVCs, deer crossing patterns, or average vehicle speeds.  However, they made this conclusion despite the fact that the number of crashes per deer crossing appeared to decrease by about 18 percent with the addition of lighting along the roadway test segment.  It is assumed, but it was not documented, that the investigators believed that this reduction was within the normal variability of the data evaluated.  The results of one study are not typically used to definitively conclude the safety impact of a device.    It is suggested that additional work be done in this area, and focus on the DVC reduction effectiveness of lighting.  The lack of a relationship between vehicle speed and roadway lighting is not unexpected.
Roadway Maintenance, Design, and Planning Policies

Decisions that might have an impact on DVCs and roadside animal mortality are made throughout the “life” of a roadway.  This countermeasure includes the application and potential change in decisions/policies connected to roadway maintenance, design, and planning that might have this type of impact.  Some of the maintenance activities related to DVCS include the use of salt mixtures for snow and ice control, the installation and maintenance of roadside vegetation, and the procedures followed for roadside carcass removal.  What is known about the potential DVC impact of the first two activities has already been discussed, but the potential impact of roadside carcass removal procedures on animal-vehicle collisions has rarely been considered.   For example, if a long period of time passes before a carcass is removed, vehicles may also collide with the animals that feed on these roadside carcasses.  The roadway design decisions that might be considered to impact DVCs include the posted speed limit, curvature, and cross section of a roadway, and bridge height and length. The state-of-the-knowledge related to the DVC impact of reduced speed limits has already been discussed.  In addition, it has been proposed that narrower lanes and more curvilinear roadways (where possible) should reduce vehicle operating speeds and subsequently reduce DVCs (8). The studies that have investigated the DVC impact of wider roadway cross sections, however, have produced conflicting results (46, 47).  Choices related to the height and length of reconstructed bridges could consider the use of these facilities by animals.  Roadway planning discussions could also consider DVCs as a factor in the choice and comparison of roadway alignment alternatives.  The individual or cumulative DVC impacts of all or some of these decisions, however, have not been studied.

COUNTERMEASURE RESEARCH CATEGORIES

The DVC countermeasures described previously were categorized using two separate classification schemes.  The first approach grouped the countermeasures by their use in the field and the general trends, if any, found in previous safety analyses. The second approach considered the amount of field use, but also focused on the adequacy of the safety evaluations completed and their documentation. The categories described below are summarized in Table 1.  
Field Use and Safety Analysis Trend Groups

The field use and current knowledge about the crash reduction capabilities of DVC countermeasures varies widely.  As indicated previously, it was not considered appropriate to group most of the countermeasures discussed by their safety effectiveness (i.e., whether they “work” or “don’t work”) because of the general lack of rigorous safety analysis (and/or documentation) and conclusive information currently “known” about their DVC impacts (2).  Five field use and safety analysis groups are suggested for the 16 potential DVC countermeasures previously discussed (See Table 1).  These grouping can be used to identify the safety research needs for particular DVC countermeasures (2). 

AASHTO Safety Strategy Groups

In 1998 AASHTO approved a Strategic Highway Safety Plan (6).  There is an ongoing project to create implementation guidance for this plan.  It is expected that this plan and its guidance will be a primary application reference for safety improvements throughout the United States.  The safety strategies in the guidance have been grouped by experienced transportation safety professionals with respect to their implementation and how adequately their safety effectiveness has been evaluated.  The three classification groups used are “experimental”, “tried”, and “proven”.  A brief definition for each of the categories is provided below, and the DVC countermeasures included in each group is listed in Table 1.

· “Experimental”:  These countermeasures/strategies are believed to have potential and have been applied on a small scale in at least one location (48).  If used, they should only be implemented as controlled pilot studies and monitored with the most appropriate evaluation techniques (48).  

The DVC countermeasures included in this category are primarily those that have or are being used, but have either never had their DVC-reduction capabilities studied or have been studied only once or twice.  Several new deer crossing sign designs and deer crossing sign/technology combinations (which are included in this category (See Table 1) have been implemented and some are currently being studied within pilot programs.

· “Tried”:  These countermeasures/strategies have been implemented in a number of locations and may even have standard implementation guidance (48).  However, valid evaluations of their safety impacts are generally lacking.  They are not expected to produce negative safety impacts but may have a positive result (48). 

The DVC countermeasures included in this category (See Table 1) are those that are used regularly in the field, but have either never/rarely been studied or have been studied with conflicting results.  It has not yet been shown that the proper implementation of these countermeasures in the roadway environment results in a reduction in safety. However, posted speed limit reductions (a DVC countermeasure included in this category) have to be applied appropriately to avoid increases in vehicle-vehicle that may results due to increases in individual vehicle speeds. Typical deer crossing signs were also included in this category because they are the most used countermeasure in the United States, but no documented quantification of their DVC reduction capabilities (or lack thereof) has been found.  The use of new sign designs and crossing sign/technology combinations are included in the “experimental” category. 

· “Proven”:  These countermeasures/strategies have been implemented in one or more locations, but have also had their safety effectiveness quantified with properly designed evaluation techniques (48).  They can be implemented with a “…good degree of confidence”, but also with the recognition that the crash reduction experienced may be different than what previous evaluations have shown (48). 

The two DVC countermeasures included in this category, exclusionary fencing and wildlife crossings, are often combined when they are implemented.  Including these two DVC countermeasures in this category may also be somewhat premature because the safety evaluations completed for them have not used the most currently accepted Empirical Bayes approach to the statistical analysis of safety data.  This approach is being used in ongoing national study of wildlife crossings.  There has also been a wide range of DVC reductions shown for what appear to be similar installations.  These results should be used with caution.

SUGGESTED DVC SAFETY RESEARCH NEEDS

The research needs for seven combinations of the countermeasure categories previously defined (See Table 1) have been identified.  The general focus of the research needed for each combination is identified below.  It is recommended that this suggested research strategy be used to guide future activities in the DVC countermeasure evaluation area. 
· Countermeasures Used with Conflicting Safety Analysis Results and “Tried”:  It is recommended that a properly funded, designed, and documented evaluation of these countermeasures (i.e., deer whistles and roadside reflectors/mirrors) within the roadway environment be completed to definitively determine and quantify what, if any, DVC reduction effectiveness they may have.

· Countermeasures Used with Generally Positive Safety Analysis Results and “Proven”:  It is recommended that the DVC and ecological impacts of exclusionary fencing/wildlife crossing installations continue to be evaluated, and that these studies use the currently accepted Empirical Bayes safety data analysis procedures (or properly document the limitations in the results of the statistical analysis approach taken).  In addition, because past research has shown consistent DVC reductions due to the installation of these measures, questions about the details of their application and design in the field should be investigated further.  An ongoing National Cooperative Highway Research Program (NCHRP) project that focuses on the use and effectiveness of wildlife crossings may begin to fill some of these research gaps. 

· Countermeasures Used but Rarely Studied for Safety Impacts and “Tried”:  These activities have all been suggested as DVC countermeasures, and in some cases have been used somewhat extensively.  The past safety evaluations of these countermeasures, however, has been limited in their approach and number.  Additional evaluations are recommended to determine their actual impact on DVCs.  Replicating and improving upon the studies previously completed to refute or support their results is necessary.  

· Countermeasures Used but Rarely Studied for Safety Impacts and “Experimental”:  New deer crossing sign designs and sign/technology combinations meet the AASHTO safety plan definition of an “experimental” safety strategy.  They are currently only used in pilot study situations.  The approach used in their safety evaluations should be reviewed to ensure they use the most appropriate analysis methodologies.

· Countermeasures Used but Not Studied for Safety Impacts and “Tried”:  Two countermeasures are being used and match the definition of a “tried” AASHTO safety strategy.  However, they have not had their DVC impacts studied.  These measures include public information/education and roadway development (i.e., maintenance, design, and planning) policies.  It is recommended that the DVC reduction impact of these regularly used measures and policies be properly quantified through the appropriate application of a rigorous study design.  

· Countermeasures Used but Not Studied for Safety Impacts and “Experimental”:  Two countermeasures are also being used but are considered more of an “experimental” rather than a “tried” safety strategy.  They are used to a lesser degree than the two “used but not studied” and “tried” countermeasures identified above.  Their DVC impacts have not been studied, but they are still believed to be at the “pilot study” stage of implementation.  These measures include in-vehicle technologies and deicing salt alternatives.  It is recommended that the DVC reduction impact of these measures also be properly quantified through the appropriate application of a rigorous pilot study design.  
· Countermeasures Not Generally Used but Rarely Studied for Safety Impacts and “Experimental”:  Four countermeasures have been suggested for implementation, but are not generally used.  Their DVC impacts have only rarely been studied.  These measures include roadway lighting, deer-flagging models, intercept feeding, and repellents (on roadways).  It may be appropriate to further evaluate these measures, through the use of pilot studies, in order to support or refute the results of the studies previously completed.  In the past, the use of three countermeasures in this category (i.e., roadway lighting, deer-flagging models, and intercept feeding) has been discouraged on the basis of the results from one study.  None of the three studies, however, are definitive in their safety analysis approach and documentation.  The use and/or DVC impact of repellents along roadways should be evaluated in a pilot study format.
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Table 1  Deer-Vehicle Crash Countermeasure Research Categories

	
	Field Use and Safety Analysis Trend Groups
	AASHTO Safety Strategy Groups1

	Countermeasure
	Used with Conflicting Safety Analysis Results
	Used with Generally Positive Safety Analysis Results
	Used but Rarely Studied for Safety Impacts
	Used but not Studied for Safety Impacts
	Not Generally Used but Rarely Studied for Safety    Impacts
	Experimental
	Tried
	Proven

	Deer Whistles
	X
	
	
	
	
	
	X
	

	Roadside Reflectors and Mirrors
	
X
	
	
	
	
	
	X
	

	Exclusionary Fencing
	
	X
	
	
	
	
	
	X

	Wildlife Crossings
	
	X
	
	
	
	
	
	X

	Speed Limit Reduction
	
	
	X
	
	
	
	X
	

	Deer Crossing Signs and Technologies
	
	
	X
	
	
	X2
	X2
	

	Hunting and Herd Reduction
	
	
	X
	
	
	
	X
	

	Roadside Vegetation Management
	
	
	X
	
	
	
	X
	

	In-Vehicle Technologies
	
	
	
	X
	
	X
	
	

	Deicing Salt Alternatives
	
	
	
	X
	
	X
	
	

	Public Information and Education
	
	
	
	X
	
	
	X
	

	Roadway Maintenance, Design, and Planning Policies
	
	
	
	X
	
	
	X
	

	Roadway Lighting
	
	
	
	
	X
	X
	
	

	Deer-Flagging Models
	
	
	
	
	X
	X
	
	

	Intercept Feeding
	
	
	
	
	X
	X
	
	

	Repellents
	
	
	
	
	X
	X
	
	


1AASHTO  = American Association of State Highway and Transportation Officials.

2New sign and technology systems are being piloted.  Typical crossing signs are used but their effectiveness has not been studied.

















































