CHAPTER 3
CONCLUSIONSAND RECOMMENDATIONS

A significant amount of information was reviewed and summarized for the creation of
this deer-vehicle crash (DVC) countermeasure toolbox. Each of the summariesin
Chapter 2 contains specific conclusions/findings (and some recommendations) about
each countermeasure, and these conclusions/findings were summarized in the Executive
Summary. This chapter includes more general conclusions about the current status of
defining the DV C problem and evaluating the DV C reduction capabilities of existing and
proposed countermeasures. The DV C countermeasures summarized in this toolbox are
also grouped into five suggested categories. Recommendations are also provided as a
response to each of the conclusions. Suggestions are made about how some of the gaps
in the current state-of-the-knowledge for DV C countermeasure safety impacts might be
addressed.

CONCLUSIONS
DV Cs are atrangportation safety problem throughout most of the United States. The
actual magnitude of this problem, however, can only be grossly estimated. The
collection and trend analysis of the best available reported DV C (or animal- vehicle
crash) data for al 50 states is needed. At a minimum, this database should also
include documentation of the criteria used to define and/or differentiate a reportable
DV C or animal- vehicle collision in each state. A summation and comparison of this
data could then be done in a proper manner. The DV CIC has begun this task for the
Upper Midwest with a goa to collect the last 10 years of DV C-related data (e.g.,
vehicle travel, deer populations, reported DV Cs, and roadside carcass numbers).
More specificaly, this information should also improve the ability to identify those
roadway segments with higher than expected levels of DV Cs for many jurisdictions.

It is generally recognized that reported DV C data represents only afraction of the
collisions that do occur (up to 50 percent is likely). But, deer carcass data, by
location of pick-up, is not generaly available. Reported DV C data are the only
widespread, long-term (e.g., more than the time period of a study), easily defined, and
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generally available approximation of the DV C problem along roadway segment in the
United States. These are the reasons reported crashes of all types, despite the
recognized weaknesses of this data, are generally used to evaluate roadway safety
improvements. Some of the DV C countermeasure research reviewed for this toolbox
collected roadside animal carcass data during the study time period (usually less than
two years) to evauate the safety impacts of a countermeasure. Not surprisingly, it
appears that roadside carcass data for a particular roadway segment, although greater
in number, has some of the same type of variability characteristics as reported DVC
data. A minimum of three years of reported crash data preceding and following the
implementation of a measure is generally accepted in transportation safety anaysis if

asimple before-and-after approach is used.

Many factors appear to impact the number of DV Cs at a particular roadway location.
These factors are generally related to the characteristics of the roadway and traffic
flow, the deer population, and the adjacent land use and cover. Specific examples
include traffic flow volumes, deer densities or crossings, and the existence of adjacent
crops or woodland. Multiple pieces of often highly variable and interrelated data
usually need to be considered to properly determine why thereisa DV C problem at a
particular location. Severa regression based DV C prediction models have been
suggested with a series of input variables. However, the general applicability of a
multiple regression approach to predict crashes, and/or the inclusion of factors with
interrelationships in the same prediction model is typically not considered appropriate

without a detailed explanation of how these may confound its results.

The variability of the factors believed to impact the occurrence of a DV C, combined
with their complex interrelationships, make it a difficult problem to evaluate, predict,
and solve. The variability and generally accepted characteristics of DV C data also
add to the complexity of thisissue. For example, the weaknesses of simple short-
term before-and-after study results, given the variability of safety data, have long
been recognized. The need to specifically define and describe how control and

treatment segments are comparable and independent is also important. The
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complexity, interaction, and number of factors that may impact the occurrence of a
DV C make this task difficult, but these characteristics of the problem also support the
need to properly document the experimental design details and potential concerns
about study results.

Overadll, athough informative, very few studies have rigorously evaluated and/or
documented DV C countermeasure impacts from a safety analysis point of view.
Many DV C countermeasure studies have followed the before-and-after and/or
control-treatment analysi s approaches mentioned above, but the impact of these
experimental designs on the strength of their results or conclusions were rarely
documented. These methods are the same as those used by roadway safety
researchers in the past to evaluate the impacts of other improvements (e.g., addition
of aleft-turn lane), but the inherent statistical weaknesses (assuming a proper
experimental design) of these more basic statistical analysis approaches are also now
recognized.

The analysis of safety data has recently experienced a number of advancements and
in the transportation profession can be considered arelatively specialized focus area.
The most generally accepted and comprehensive methodology to measure the impact
of safety improvements at this point in time is the Empirical Bayes approach to
evaluation It is expected that most studies in the past were limited in their evaluation
due to funding levels (which impacts the possible experimental designs, project team
content, and the time period of evaluation) that did not match the analysis needs for
the complexity of the DV C problem.

A number of potential DV C countermeasures are discussed in this toolbox. Many of
these countermeasures have been used for decades with a limited knowledge of their
DV C reduction capabilities. These limitations are described for each specific
countermeasure in Chapter 2, and restrict the ability to conclusively group almost all
of the countermeasures reviewed solely by their DV C reduction capabilities. For this

reason, the author has grouped the countermeasures discussed in this toolbox into five
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categories. These categories are defined by the apparent use of a countermeasure in

the roadway environment, and the general level of research that has been completed

with respect to its DV C or roadway animal mortality reduction cgpabilities. The five

categories and their assigned countermeasures are identified below.

0 Used with Conflicting Study Results:

Deer Whistles
Roadside Reflectors/Mirrors

0 Used with Generally Positive Study Resullts:

Exclusionary Fencing

Wildlife Crossings

0 Used but Rarely Studied:

Speed Limit Reduction

Deer Crossing Signs and Technologies
Hunting or Herd Reduction

Roadside V egetation Management

0 Used but Not Studied:

In-Vehicle Technologies (on Roadways)

Deicing Salt Alternatives

Public Information and Education

Roadway Maintenance, Design, and Planning Policies

0 Not Generally Used but Rarely Studied:

Roadway Lighting
Deer-Flagging Models
Intercept Feeding
Repellents (on Roadways)
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Recommendations for future activities related to the countermeasures in each of these
categories are presented in the next section of this chapter. However, given the
current state-of-the-knowledge, the DV C reduction capabilities of very few
countermeasures can be stated with any confidence. The application of adequately
high fences (properly installed and maintained) with properly located and designed
wildlife crossings have consistently produced positive safety results while minimizing
the ecological impacts of aroadway. |n the case of these two countermeasures the
gaps in the state-of-the-knowledge are more application oriented. The basic DVC
reduction capabilities of the remainder of the countermeasures, however, must still be
determined.

At the current time, the variability and complexity of the DV C problem makes it
unlikely that there is one solution that exists which could be cost effectively applied
to every roadway location. Fortunately, new potential countermeasures are also
always being introduced for further evaluation. More likely, and similar to other
roadway safety programs, a number of measures and activities will need to be
implemented to result in any significant reduction in DVCs. Some examples of these
activities include the proper installation and maintenance of countermeasures and
public information and education campaigns. A combined and coordinated
application of engineering, education, enforcement, and ecological measures seems
appropriate.

RECOMMENDATIONS
The ability to define the extent and temporal/spatial trends of the DV C problem isan
important el ement to determining its solution(s). It is recommended that a national or
regiona database of the best available and properly defined DV C and/or animal-
vehicle collision data be created. This database should also include vehicle
volume/travel estimates as a separate input variable, and potentially contain deer
population estimates and roadside deer carcass data at the most detailed level
available. Land use and/or land cover within a particular distance of roadway
segments, and average DV C costs are also of interest. Typical DVC frequencies and
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rates should be calculated from this information, and could be used to identify and
possibly plot roadway locations with a higher than typical DV C safety concern (at the
local and state jurisdictional levels). The ability to accomplish this task is important
to the effective implementation of countermeasures. The information can also be
used to assist with the development of the DV C prediction models recommended
below.

The collection of roadside deer carcasses reveals that the actual number of DV Cs may
be more than twice that reported. Large databases of reported crashes by location are
generaly available and are normally used in roadway safety evaluations, but roadside
carcass frequency, by location, could be a more accurate measure of DV C problem
locations. Some jurisdictions in the United States quantify the number of carcasses
collected, but it is expected that few specify the roadway location where they are
collected. It isrecommended that a pilot study be completed that investigates the
collection of roadside carcass locations and its potential value to defining the DVC
problem. The ability to collect this information efficiently should be evaluated, and
the carcass data compared to reported DV C frequencies and locations to determine if
any patterns emerge. The collection of this data could produce a more accurate
measure of the DV C problem and possibly help identify problem locations that would
have been missed if only reported DV Cs are used. Activities smilar to those
described in the recommendation above should be completed if enough roadside deer
carcass data becomes available. A relationship between reported DV C frequencies
and locations and those that result from the use of roadside deer carcass data could
also be defined and applied as appropriate. The weaknesses and strengths of the
reported DV C and roadside carcass data collected should aso be investigated.

There are many factors, some more quantifiable than others, which can lead to a
DVC. Thereis aneed to more adequately quantify the relationships between these
factors, and to more properly define their individua or combined impacts on the
occurrence of aDVC. The ability to proactively define roadway segment locations
(and possibly roadway designs) that could result in a higher than acceptable DVC
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concern requires thisinformation. The development of avalid DV C frequency
and/or rate prediction model is recommended. But, these models would need to
properly take into account and recognize the inherent characteristics of DV C data,
and the strength and interrelationships of the factors that may impact the occurrence
of DVC. The most useable DV C prediction model would include the fewest number
of easily collected or estimated independent input variables that appear to produce
adequately calculated answers. It should be recalled that many factors believed to
impact the occurrence of a DV C might not be independent (e.g., posted speed limit

and adjacent land cover).

The DV C problem has both ecological and transportation safety impacts. Itis
expected that an effective DV C countermeasure program will include a combination
of engineering, education, enforcement, and ecological measures and activities. The
valid installation and evaluation of DV C countermeasures requires the coordination
and cooperation of transportation and natural resource professionals. An effective
and acceptable DV C countermeasure should reduce vehicle-animal interactions while
still allowing necessary animal behavior and movements (given an existing roadway).
In many cases, the implementation of a countermeasure will require some type of

tradeoff between these two simultaneous objectives.

It is recommended that the installation and evaluation of DV C countermeasures be
completed with teams of transportation safety and ecology professionals. Thistype
of active coordination, cooperation, and communication is recommended throughout
the roadway development process (e.g., planning, design, and maintenance/operation)
and for all types of countermeasures (from deer crossing signs to wildlife crossings).
The complexity and interdisciplinary characteristics of the DV C problem, its potential
solutions, and the specialized nature of analyzing their ecological and transportation
safety impacts requires this type of partnership for proper countermeasure
evaluations. It is expected that this approach will result in a more all-encompassing
approach to DV C countermeasure research that consistently applies the most current

and generally accepted ecological and safety data collection and analysis procedures.
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From atransportation safety analysis point of view, there is a genera need for more
well-defined and documented research related to the impacts of DVC
countermeasures. The interdisciplinary team approach suggested above should
address this need by involving transportation safety analysts/engineers and ecologists
in the data collection, experimental design, results evaluation, and report development
stages of DVC countermeasure projects. The analysis methodologies used (given the
study time period and funding), and any weaknesses or confounding impacts they
might produce in the project results, will also be adequately addressed by this type of

research team.

Five categories of countermeasures were identified in the Conclusions section of this
chapter. The types of evaluations that need to be completed for each of the categories
are somewhat different and described below.

0 Used with Conflicting Study Results: 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 their DV C reduction
effectiveness. These measures have been implemented for decades, but
the research studies that have focused on their DV C reduction
effectiveness have produced conflicting results. Many of them are lacking

in their approach and/or documentation.

0 Used with Generally Positive Results. 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 most
generally accepted analysis procedures. More specific safety analysis
should more accurately represent the DV C reduction capabilities of these
installations, and possibly reduce the variability in the DV C reductions
produced by past studies.
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o The DVC and ecological impacts of combining exclusionary fencing with
one-way gates, earthen escape ramps, and/or wildlife crossings should also
continue to be investigated. In addition, because past research into
exclusionary fencing/wildlife crossing installation has consistently shown
DV C reductions there are questions about the details of their application
and design that need to be investigated. For example, the DV C reduction
effectiveness, ecological impacts, and cost effectiveness of minimum and
preferable exclusionary fencing heights and wildlife crossing designs are
needed. More information about how to properly locate exclusionary
fencing and wildlife crossing is also necessary, along with how to solve
the problem of the required gaps in exclusionary fencing. The National
Cooperative Highway Research Program recently funded a project that
focuses on the use and effectiveness of wildlife crossings. Additional
analysis related to the use of one-way gates, earthen escape ramps, and at-

grade crossing designs may also be appropriate.

0 Used but Rarely Studied: This list of countermeasures includes speed
limit reductions, deer crossing signs and technologies, hunting or herd
reduction, and roadside vegetation management. These measures have all
been suggested as DV C countermeasures, and in some cases been used
somewhat extensively. The past evaluations of the DV C reduction
capabilities of these countermeasures, however, have been limited to very
few studies. The DVC impact of typical deer crossing signs, for example,
has not been studied, but improvements to their design have been and are
also currently being considered. In other cases, the primary focus of the
studies related to these countermeasures has not been DV C reduction and
some of the safety analysisislacking in rigor. Additional evaluations are
recommended (using the interdisciplinary approach previously
recommended) to determine the actual impact of these measures on DVCs.
Replicating and improving upon the studies previously completed to refute

or support their results is necessary.
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0 Used but Not Studied: A number of the countermeasures discussed in this
toolbox are being used (sometimes sporadically), but their DV C impacts
have never actually been studied. It is recommended that the efficient and
effective application of these potential countermeasures (i.e., in-vehicle
technologies; public information/education campaigns; and roadway
maintenance, design, and planning policies) be investigated, and their

DV C impacts properly quantified.

0 Not Generally Used, but Rarely Studied: Four countermeasures (e.g,
roadway lighting, deer-flagging models, intercept feeding, and repellents
(along roadways)) summarized in this toolbox have rarely been studied for
application in the roadway environment. It is recommended that it may be
appropriate to further evaluate these measures and support or refute the
results of the studies that have been completed. It is rare that non
definitive and unreplicated studies are used to determine the overal
usefulness of aroadway safety improvement. New studies that follow
currently accepted ecological and safety data analysis approaches are
recommended along with an evaluation of the advantages and

disadvantages of applying these measures.

In addition to interdisciplinary teams, the complexity and variability of the DVC
problem, the factors that impact it, and its potential solutions require long-term (i.e,
multi- year) and large-scale (i.e., multi- jurisdictional) evaluation projects. Two

organizational activities are recommended to address this issue.

First, it is recommerded that a properly funded regiona or national roadway deer-
vehicle (or large ungulate-vehicle) crash reduction research center be created. Itis
believed that the initiation and operation of this type of center would begin to address
the more consistent and long-term approach needed to properly evaluate the
effectiveness of existing and proposed DV C countermeasures. In addition, the center

can serve as afoca point for those interested in the reduction of large ungulate-
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vehicle crashes, promote standardized and generally accepted research in the area,
and encourage interdisciplinary DV C evaluation teams through the request for
proposal process. It should also lead to an increase in the current state-of-the-
knowledge, more appropriate countermeasure installations, and a reduction in the
costly DV C safety problem.

Second, it is aso recommended that an annual DV C or large ungulate- vehicle crash
symposia be established for those interested in the area of study. It is suggested that
these meetings should aso include interdisciplinary workshops about the most current
and generally accepted procedures for ecological and transportation safety data
collection and analysis procedures. Information sharing sessions would focus on gaps
in the current state-of-the-knowledge, current DV C countermeasure research, and
application issues. The organization of this meeting could be one of the first

activities for the research center previously suggested.
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