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ABSTRACT

The information provided in the Manual on Uniform Traffic Control Devices for the installation of deer crossing signs is generally qualitative.  There is also little evidence that quantitative policies for the installation of these signs exist.  This article suggests several basic safety data comparisons.  These comparisons were applied at 22 existing sign pair locations.  Most of the sites met the most general tests suggested, but less than half met all the tests.  For site selection, the correlations between safety data and roadway and roadside characteristics are also discussed.  The application of one or more of the comparisons is recommended. 
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INTRODUCTION
It has been estimated that more than a million deer-vehicle crashes (DVCs) occur each year in the United States, costing the traveling public more than one billion dollars (1).  Some of the countermeasures that have been applied to reduce DVCs include deer fencing, wildlife crossing structures, roadside reflectors, vehicle whistles, highway lighting, and speed limit reductions (See www.deercrash.com, and 2, 3).  The installation of deer crossing warning signs (W11-3), however, is the most widely used attempt at DVC mitigation (See Figure 1).  The general objective of W11-3 signs is to warn drivers of a deer crossing danger and hopefully produce an appropriate reaction (e.g., increased focus and/or speed reduction).  The actual effect of these signs on driver behavior is not the focus of this article, however, it may be related to the approach currently used to install them.   

This article describes the current status of W11-3 sign installation guidance, and suggests the inclusion of DVC data comparisons for a more quantitative installation approach.  The comparisons suggested range from the general (e.g., statewide) to the specific (e.g., roadway segment), and have been applied at 22 existing W11-3 sign pair locations. The results of this application are described.  In addition, a series of roadway and roadside characteristics correlated with DVC problem locations are discussed.  This information should be useful during the installation of W11-3 signs.  The overall objective of the suggested comparisons is to limit the installation of W11-3 signs to locations with greater than typical existing or expected DVC safety problems.  This approach should maximize the impact, if any, W11-3 signs have on driver behavior.
CURRENT INSTALLATION GUIDANCE AND PRACTICE
The overuse and/or misuse of any warning sign generally reduce its credibility, impact, and usefulness.  The Manual on Uniform Traffic Control Devices (MUTCD) avoids these types of outcomes by providing warning sign installation standards, guidance, options, and support (4).  Section 2C.41 of the 2003 MUTCD includes language that applies to the installation of W11-3 signs (4).  It is primarily qualitative in nature (4).  The MUTCD indicates that W11-3 signs may be placed where “…unexpected entries in the roadway…might occur” (4).  A support statement also recognizes that unexpected deer-vehicle conflicts can be “…relatively confined, or might occur randomly over a segment of roadway” (4).  Purposely broad in its treatment of W11-3 signs, the MUTCD does not suggest any type of data focused installation criteria (4).  The creation and application of a W11-3 installation approach based on crash data is the responsibility of the individual jurisdiction.

Literature and Internet Search Results
During the last four years an extensive literature and Internet search has been completed for documented evidence of W11-3 installation procedures or policies that include specific and defensible (i.e., of known origin) safety measures.  This search has revealed little evidence that these types of W11-3 sign installation procedures/policies are typically used.  However, the Washtenaw County, Michigan Road Commission does has a documented W11-3 sign installation procedure that considers the DVC history along a road segment of interest and also one mile in each direction (5).  The procedure suggests a W11-3 sign if five DVCs occur along the segment within a twelve-month period, and also recommends that DVC levels near existing W11-3 signs be reviewed every third year (with adjustments if appropriate) (5).  A document from Iowa also recommends that W11-3 signs be installed where the posted speed limit is greater than 45 miles per hour or an obstruction and topography occasionally limits driver sight distance (6).  This document and another from Minnesota contain a general recommendation that historical DVC data be reviewed to determine appropriate installation locations (6, 7).  Other quantitative W11-3 installation procedures or policies may exist, but they are most likely contained in the archives of individual agencies and not generally available.  

Regional Survey Results
The Deer-Vehicle Crash Information Clearinghouse (DVCIC) also recently completed a survey of five states in the Upper Midwest.  The Departments of Transportation (DOTs) and Departments of Natural Resources (DNRs) in each state were questioned about their DVC-related activities (8).  The results from this survey indicate that none of the agencies questioned had a specific quantitative (i.e., data focused approach to the installation of W11-3 signs (8).  However, two of the states are currently working on a W11-3 installation policy.  Discussions between the authors and a number of transportation agencies throughout the United States has also revealed that some appear to use a specific but undocumented minimum number of DVCs per mile per year for W11-3 sign installation.  The consistency in the application of these unwritten rules, unfortunately, is typically unknown and the origins of these “critical” installation DVC values can rarely be defined. 

CRASH DATA AND DEER CROSSING SIGN INSTALLATION
Many warning signs are installed for safety improvement purposes after an evaluation of crash data.  Sign mitigation is often chosen after the costs and benefits of all potential improvement measures are considered.  It is suggested that W11-3 sign installation procedures/policies should include a similar approach.  The objective would be to limit W11-3 signs to those locations with an unusually high number of existing or expected DVCs. 

The DVC data comparisons suggested for the installation of W11-3 signs are no different than those used to identify problem locations for other types of crashes.  However, unless DVCs have become a priority in a particular jurisdiction the data that describes this safety problem are rarely summarized for the roadway system or individual projects.  In addition, it is often thought that DVCs are too prevalent in a jurisdiction (i.e., they occur in a uniform manner throughout the area) or assumed that a reduction in DVCs is not possible.  An application of the comparisons discussed below would require the collection and summary of DVC data, the recognition that DVC “hot spots” do exist, and an acknowledgment that W11-3 signs might be used to warn drivers of these locations. 

Statewide Comparisons
Using three years of DVC data, it is suggested that the average or some other “critical” statewide DVC frequency (e.g., crashes per mile per year) and/or DVC rate (e.g., crashes per vehicle travel) be calculated and compared to DVC measures along roadway segments.  This approach could be applied systematically to roadway segments of a particular length throughout the transportation network, or at an individual site of interest.  The statewide frequency or rate used for comparison purposes (e.g., average or 85th percentile, etc.) should be based on the characteristics of the available database, the resources of the evaluating agency, and the level of DVC activity considered acceptable in a jurisdiction.  For comparison purposes, at individual sites, it is also suggested that DVC frequencies and/or rates be calculated for the roadway segment between the proposed/existing W11-3 signs and for an appropriate length (e.g., one to two miles) of adjoining roadway at each end of the signed segment.  The length of the adjoining segments should be set for a system-wide analysis searching for “hot spots”, but could vary with the roadway and roadside characteristics discussed later this article at individual sites. 

Countywide Comparisons
A number of the roadway and roadside characteristics (described later in this article) appear to be correlated with “high” DVC roadway segments.  These characteristics vary within a state.  This fact suggests that an average or “critical” countywide DVC frequency and/or rate comparison is a more locally relevant evaluation of existing or potential DVC problems along a roadway segment.  These comparisons would be applied in the same manner as the statewide comparisons described above, but with a specific focus on the individual roadway segments throughout a county system.  This county level evaluation can be applied individually or in combination with the other comparisons described in this article. 

Roadway Segment Pattern Comparisons

The roadway and roadside characteristics correlated with DVCs also vary along roadway corridors.  The variability of reported DVC data along roadway segments supports this conclusion (See Figure 2).   It is suggested that the DVC frequency and/or rate between existing or proposed W11-3 sign locations should be greater than the two adjoining roadway segments (defined previously).  A comparison of the DVC frequency and/or rate between the signs to the DVC crash experience in each individual adjoining segment is recommended.  

Local DVC patterns can also be evaluated by calculating and plotting relevant crash measures for shorter roadway segments (e.g., ¼-mile) between and adjoining the existing or proposed W11-3 signs (See Figure 2).  Preferably, the DVC measures (e.g., frequency and rate) for these shorter segments would also occur between the proposed W11-3 sign locations.  Overall, if both the longer segment (described in the previous paragraph) and ¼-mile segment DVC measures are higher between the existing or proposed location of the W11-3 signs, their location is probably appropriate.  This conclusion is supported even further if the DVC measures between the W11-3 signs are also greater than the statewide and countywide measures previously discussed. 

APPLICATON OF COMPARISONS

The DVC data comparisons previously described can be applied individually or in combination.  However, the statewide and countywide comparisons would require the calculation of jurisdictional DVC measures, but the DVC (or general animal collision) report data needed to complete these calculations are available in many states.  The roadway segment pattern comparisons that were discussed would require similar calculations for particular W11-3 sites and shorter roadway segments. 

All the DVC comparisons discussed in this article were applied to 22 pairs of W11-3 signs in five Wisconsin counties.  All of these counties consistently have some of the largest numbers of DVCs in the state each year.  The roadway length between theW11-3 sign pairs ranged from 0.7 to 11.0 miles (9).  

Three years of reported DVC data were used to calculate the state and county average DVC frequencies and rates.  In addition, these measures were calculated for the roadway segment between the 22 sign pairs and for two miles of adjoining roadway on each end of the sign pairs.  Overall, all 22 locations had DVC frequencies between the W11-3 signs greater than the state and county averages, but only 20 and 17 locations, respectively, had DVC crash rates greater than their state and county average (9).  These results were not surprising because the overall average DVC frequencies in all the counties were greater than the state average, and the overall DVC rates were higher than the state average in four out of five counties.  In fact, many of the average DVC frequencies and DVC rates along the individual roadway segments adjoining the W11-3 signs were also higher than the state and county averages 

A more local analysis of each W11-3 sign pair location was also done by comparing the average DVC frequencies and rates between the signs to the same measures along the adjoining segments (9).  A statistical t-test showed that the overall average DVC frequencies and rates (for all 22 sites) between the signs were statistically higher than those along the adjoining roadway segments (9).  However, nine of the sites had DVC frequencies and/or rates between the signs that were lower than the combined frequencies and/or rates of the two adjoining roadway segments.   In addition, about half of the sites had higher DVC frequencies and/or rates along at least one of the adjoining segments than between the W11-3 signs. 

DVC measures were also calculated and plotted at ¼-mile increments (See Figure 2).  A review of these ¼-mile DVC measures revealed that only nine of the 22 sites had their ¼-mile and segment DVC measures peak between the installed signs.   The remaining sites had most or all of these measures occurring along one or more of the adjoining segments.  

The statewide and countywide evaluation of the DVC measures at the sites, therefore, revealed that only a few of the locations considered might be questionable, but a more local DVC evaluation indicated that over half of the sites might need to be reconsidered.  Recall, however, that there are other factors besides reported DVCs that can be used as support to install W11-3 signs and some of these factors change with time. 
OTHER FACTORS TO CONSIDER
The use of DVC measures to guide the installation of W11-3 signs is reactive, and it requires DVCs to occur before they are considered.  A more proactive approach to the installation of W11-3 signs might include the consideration of the roadway and roadside characteristics that past models show are correlated to “hot spot” DVC roadway segments (10-20).  Engineering judgment and discussions with local natural resources staff could be used to identify roadway segments with the potential for a DVC problem.  In addition, this same information can be used to help identify roadway segments that are expected to have “similar” DVC measures.  This type of similarity is necessary for the proper comparison of the DVC measures along roadway segments between and adjoining W11-3 signs (see previous discussions).

The DVC models developed in the past indicate correlations between data, but not necessarily a cause-and-effect relationship (10-20).  The fact that most of the models included or considered the characteristics listed below and indicated a similar type of DVC impact (e.g., positive and negative), however, can be helpful information for the installation of W11-3 signs.  For simplicity, the lists below are not all-inclusive and do not include those characteristics that have produced conflicting results in past models. 

Some of the roadway and roadside characteristics that appear to increase with DVCs include:

· Traffic Volume, 
· Number of Bridges/Culverts,

· Number of Roadway Lanes or Roadway Width,

· Human Population,

· Deer Population Density,

· Size of Adjacent Grass and Woodland Patches, and

· Amount of Woodland.

But, DVCs appear to decrease with an increase in the following characteristics:  

· Clear Zone, 

· Sight Distance,

· Roadside Slopes,

· Distance to Nearest Woodlands,

· Number of Buildings,

· Amount of Fencing, and 
· Amount of Farmland.
The characteristics listed above should be used as guidance, but considered on a case-by-case basis with the advice and evaluation of local natural resources staff (if possible).  In addition, some of the characteristics listed are easy to observe, but others would require additional data collection and effort if they were used (e.g. local deer densities).  Many of these characteristics also change with time and this could result in the proper location of a pair of W11-3 signs shifting and/or becoming inappropriate. 

DISCUSSION

The current attention-value and/or speed-reduction impacts, if any, of W11-3 signs may be at least partially the result of the qualitative approach typically used in their installation.  These signs may be overused and/or misused to some extent due to this approach, and this could be impacting their effectiveness.  

This article suggests several safety data comparisons that could be used individually or in combination to install W11-3 signs only at locations with larger than typical DVC problems.  The relationships between a series of roadway/roadside characteristics and DVCs are also provided to assist in W11-3 installation decisions.  The data to apply the DVC comparisons suggested are available in many jurisdictions, but are not always used, and the comparisons used by a particular agency will most likely depend on how large a roadway safety priority DVCs are in a jurisdiction.  The application of all the comparisons to 22 W11-3 sites in Wisconsin indicated that more than half should probably be reevaluated.  More advanced tools to identify crash “hot spots” are also currently under development by the Federal Highway Administration and could be helpful to W11-3 sign installation decisions in the future. 
Most warning signs are installed for safety improvement purposes.  The W11-3 warning sign, however, is somewhat unique because the danger it warns drivers about can vary in time and space.  The movement of deer and/or the potential for a “high” number of DVC is impacted by a number of characteristics (e.g., food sources) that transportation professionals can not control.  In addition, different species of deer also follow different patterns of movement.  This variability results in the need to quantitatively and periodically reconsider the location of W11-3 signs.  Adjustments may be necessary if these signs no longer designate an existing or potentially “high” DVC location or the correct length of roadway.  Some jurisdictions have even begun to consider specially-designed temporary deer crossing signs for specific situations.
The focus of this article was not the impact W11-3 signs may or may not have on driver behavior.  However, most of the studies that have been completed, by evaluating improvements to the W11-3 sign, have assumed this impact is small.   A recent study funded by the Minnesota DOT study also indicated that W11-3 signs had limited impact on driver speed choice while in a driving simulator (21).  The objective of this article was to provoke discussion about his subject by suggesting some potential components of a W11-3 sign procedure or policy that would limit their installation to critical DVC locations.  
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[image: image2..pict]Figure 1.  Deer crossing sign (4).
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Figure 2.  Sample 1/4-mile (0.40 kilometer) deer-vehicle crash (DVC) frequency near a pair of deer crossing signs (1996 to 1998) (9).
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