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1.  INTRODUCTION

The need for operational measures of safety that can be used for assessing the risk of accidents is recurrent in several fields, as an alternative method for the study of traffic safety problems based on direct observation.  The use of surrogate measures of safety in traffic operation is just a manifestation of this general need.  This paper proposes several alternatives for a new class of measures intended to fill this gap, called operational safety measures, differentiated from surrogate measures by a clear relation to design and operation models.

Our previous work, as an example, studied the application of the Traffic Conflict Analysis Technique (abbreviated as TCT), defined as events where two road users, or a road user and a road element, are in a course of collision and an evasive maneuver is commanded to avoid an accident.  Most studies on TCTs are limited to vehicular conflicts but some additional criteria and preliminary results for pedestrian conflicts were obtained, as discussed in a previous work (2), and can also be extended to other settings.

The TCT failed to achieve large application up to now, despite of being operational for more than 20 years (see 1), but is a recurrent subject of study.  Several recent safety studies in the U.S. can be taken as examples (e.g. 3, 4) of its recurrence, including the development of related measures from traffic simulation models (5).  Despite overcoming several problems found in the use of accident data, the main drawback of using traffic conflicts as measures of safety is the inability of relating them to variables used in design and operation models.

In previous accident or conflict studies, design and operation variables have to be included in an ad hoc manner (i.e. as predictor in regression based models or as stratifying variables in segmentation).  In another line of research, also related to the same heritage as the TCTs, the concept of conflict opportunity (CO) was coined and used for developing analytical measures of safety in traffic operations based on probabilistic models.  The use of analytical models for deriving safety measures opens the way to properly embody design and operation variables.

However, at this time, there is no clear and general definition of a CO that is widely accepted and also missing are the detailed concepts useful for each specific CO type or context.  Most of the previous works on the subject are theoretical in nature, trying to develop models for predicting the frequency of conflict opportunities, and are directly devoted to test their performance on forecasting accidents.  The possibility of empirically evaluating the occurrence of CO events as well as the predictions based on CO measures for alternative definitions of detailed concepts and models is also a need, that should be driven to the selection of detailed concepts delivering the better explanation for traffic safety (as measured by accident records, traffic conflict counts or any other recognized yardstick).

This paper will review some of these works and comment on their contributions and limitations.  Again, as for traffic conflicts, most studies on CO are also related to vehicular interactions only, and our researched interest in the evaluation of pedestrian safety problems in urban signalized intersections brings some new features that deserve careful analysis before undertaking the empirical tasks.  Alternative concepts of operational safety measures are outlined and their specific content discussed so as to open several options for study.

In the following, after reviewing the evolution of the conflict opportunity (CO) idea, one successful history of a technique based on an operational safety measure is analyzed for gathering lessons. Then, a general concept and several alternative definitions for the detailed concept related to pedestrian crossings in urban signalized intersections are discussed.  In the final section, the conclusions and recommendations derived from our work are summarized.

2.  CONFLICT OPPORTUNITIES: EVOLUTION OF THE CONCEPT AND THE NEED FOR DETAILED CONCEPTS AND EMPIRICAL VALIDATION STUDIES

The general idea related to the concept of conflict opportunity can be traced back to the discussion on traffic conflicts initiated by Perkins and Harris, but deeper roots can be found in researching the line of evolution of concepts of exposure measures to the risk of accident.

This relation can be found in Chang (6) that, after reviewing conventional exposure measure based on total flow or total vehicle-miles for road links (as daily average or annual counts) and total entering flow or products of conflicting flows for intersections (usually as hourly averages time hours per day or year), recovered other measures (proposed by Chapman, Holland and Richardson) that would be related to conflict opportunity measures subsequently.

The same relation can be found in the first widely published notice of the concept of conflict opportunity, by Plass and Berg (7).  These authors acknowledged Council (8) for the development of improved exposure measures of risk.  Nevertheless, Plass (9) seems to be the one that coined the concept of “conflict opportunity” (CO) and applied it with the current meaning.  For Plass and Berg (7, pp.43), a CO (or opportunity-based safety measure in their terminology) was generically defined as “the presence of certain prerequisite conditions related to vehicle speeds and relative positions”.  As said: “Without these conditions, the opportunity and therefore the likelihood of a given type of accident do not exist”.

After this genesis, Berg became the sole leader of researches developing the conflict opportunity concepts and measures.  The works of Kaub on the TRAF-Safe software also come from this heritage (starting from their joint work as reported in Kaub and Berg, 10) and contributed to the development of the concept and to the demonstration of its potential performance as a forecasting tool (even if in a clumsy way, due to the omitted points in the exposition and the inappropriate formulations proposed).

Nevertheless, as argued here, another effort that can be related to the same concept was independently undertaken and widely accepted as a valid contribution for the analysis of roadside safety in the U.S.  The Roadside Safety Analysis Program-RSAP is a recent outgrow of this parallel line of research, that will be taken here as an example with relevant lessons.

In the following, these contributions will be reviewed and used as a starting point.

2.1. On the Evolution of the Operational Concept and Measure of Safety

Starting from the conceptual view, operational concepts and measures of CO events frequency had to be tailored for each related conflict or accident type and were developed during the years, mainly by Berg or Kaub and their collaborators.

Subsequent works led by Berg are exemplified by Ha, Berg (11) and Lee, Berg (12), that discussed the concept (even if more interested in the formulation of a level of service safety measure for intersections).  Both of them were applied to intersections (the first on signalized intersections and the second on stop-controlled intersections) and estimated accidents based on their ratios to CO measures as a way to evaluate level of service for intersection safety, also weighting predicted accident frequencies by their potential severity, for each CO type (measured by the kinetic energy at impact of the vehicles involved, taken as a proxy measure).

Kaub and his associates (e.g. 13, 14) coined the concept of a (Statistically) Probable Conflict Opportunity-SPCO or PCO and applied it to the safety analysis of intersections.  Kaub also searched for a level of service safety measure for intersections but stressed the use of the PCO measure as a forecasting device for traffic accidents, reporting a significant improvement of accident prediction models based on PCO measures over purely statistical ones (i.e. derived from GLM in regression analysis).  With some ad hoc models, even the severity of traffic accidents was predicted.  The overall model seemed to depend on local calibration and data cleaning for achieving good results (the available documentation is unclear at these points).

Just to retain some basic developments of these works, that will be used in this paper, it worth reviewing some concepts and measures. Vehicular crossing maneuvers at unsignalized intersections will be taken as an example for discussing details of specific operational concepts and models (that usually vary by CO type).  Starting chronologically, one can mention the concept of PCO and its application by Kaub (13, 14). Then the alternative view of Ha, Berg (11) and the role of road constraints posed by Lee, Berg (12) should be noted.

First, the general concept of a (Statistically) Probable Conflict Opportunity-SPCO or PCO was stated by the general formula of Kaub (13, 15) that will be set here as:
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with a given probability 
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given the conflicting flow 
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with 
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 being the length of the conflicting area for the risky maneuver of flow i on lane j, 
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 is the duration of time period P (assumed to be homogeneous); lane detail of flows can be omitted in more aggregate models, using total flows on an approach or, more usually, each straight or turning flow on an approach.

Then, the number of conflict opportunities of type n (rear-end, crossing, head-on, ...) on the “position” m (an approach or exit of the intersection, a pedestrian crossing, ...) is
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(if more than one movement can generate a type of conflict opportunity in “position” m or if the overall operation is divided in more than one typical period).

The estimates can be aggregated at any level (e.g. links) but restraints on data availability for evaluating the safety measures against traffic accidents (and perhaps calibrating conversion ratios of expected accident numbers per million of conflict opportunities, as for traffic conflicts) can determine the use of a coarser level (as the intersection as a whole).

Note that the model takes the view of the first user (ij), the one that initiates the maneuver that become exposed to the risk, with certain probability.  The conflict opportunity is realized when a second user (kl) arrives in a conflicting manner, during the time of exposition to the risk.  It is fully possible to have several potential conflicting users that can generate risk to the same maneuver and the calculation can be more involved in this case.  The view of the second user (kl) can also be used, perhaps providing a unified view for modeling the occurrence of several interfering events that can bear some burden on evasive actions to avoid accidents.

Note also that the relation of conflict opportunities types to accident types is not simple and direct (the same is true for traffic conflicts).  For example, an angle conflict generated during a crossing maneuver can force a braking action and generate a rear-end accident.  Of course, the rear-end accident was preceded by a rear-end conflict but the original event was an angle conflict (in the terminology of TCTs, the original event is a primary conflict that generated a secondary conflict preceding the accident, but only because the original conflict occurred).

The probability of a risky maneuver can be 1 if mandatory (e.g. if there is no other way of crossing a road) or smaller if the maneuver is optional (as in lane changes for passing or overtaking).  The probability of flows being or not conflicting is usually 0 or 1 (for identifying conflicting or non-conflicting flows) but generically can depend on other variables.  For example, a rear-end CO for a slow vehicle (e.g. one with the 25th percentile speed) can be based on the distribution of speed differentials (in the example, of the upper 75% of the speed distribution curve, with varying degrees of risk, based on the speed difference).  The probability of conflicting arrivals is usually taken as the probability of one or more arrivals evaluated from some statistical model (e.g. Poisson models for arrivals or Cowan models for headways).  The variables used in the estimation can be measured (e.g. number of lanes and approach width) or alternatively calculated using conventional traffic models (signal timing, delay or speed), perhaps depending on the application (speed can be measured on an operational analysis and estimated on a planning analysis).

The exact formula depends on the precise definition of a CO and the models used for each variable.  As previously said, each type of CO event (in general, classified based on type of conflict or accident) usually has its own operational concept and models.

For example, for vehicles crossing an unsignalized intersection, the crudest measure of conflict opportunities for angle accident will be based on the probability of an arrival from the main flow during the crossing maneuvers of the secondary road (through, left or right). Using a Poisson model for arrivals on the main flow, this CO measure (RC) is evaluated as
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where 
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 of the crossing maneuver (the waiting time is not included as it is not a standing time on the conflict area of the crossing maneuver; it should be included in the exposition time to rear-end conflict opportunities on the secondary road).  Nevertheless, the measure assumes that the crossing maneuver does not evaluate gaps on the main road before deciding to start the maneuver (as if it was decided randomly).

Both Kaub (13, 15) and mainly Ha, Berg (11) preferred to assume that gaps are relevant to the decision about the crossing maneuver and evaluated the risky maneuver as those crossings that occur on a short gap (+/- 2 seconds from the usual gaps is assumed by both authors).  Kaub (13, 15) suggests the use of gaps accepted by normal drivers (e.g. those recommended by the U.S.Highway Capacity Manual-HCM) but Ha, Berg (11) additionally assumed that usual gaps are related to the crossing times (actually assuming that the usual gap is 2 seconds greater than the crossing time for a given maneuver).  Keeping the Poisson model for arrivals, this CO measure (GC) is evaluated as 
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where 
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 are the (relative) offset of the upper and lower limits of risky gaps in relation to the crossing time of the vehicle on the secondary road.  These are judged to be gaps with risk.

Note that these measures can be related to the traditional cross-product exposure measure, noting that the series expansion of the exponential function around 0 gives 
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 (a good approximate expression when the expected number of arrivals during the crossing time, 
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The behavioral content of the CO measure can also be disputed and an approach with stronger foundations would be preferred, for sure.  This is a point seldom made.

On the alternative measures discussed above, one can note that both can be seen as conflict opportunities generated by different human errors in the undertaking of the crossing maneuver.  The random crossing measure can be related to a “failed to see” error and the risky gap measure can be related to a “vehicle to fast” error (the first type can occur for vehicles in the main or secondary road but the second type is usually associated with the secondary road only).  Additionally, each kind of error can be related to other explanatory variables (as indexes of drink and drive or speeding behavior) and achieve truly comprehensive models of conflict opportunities or, finally, accident causation or forecasting.

An interesting typology of human errors was proposed by Lu (16), classified in 5 types: inattention, wrong estimation, wrong operation, driving under influence of alcohol/drug, failure in applying priority rules.  Some of these behavioral factors could be more relevant to determine operational variables than to explain “human errors” (or both).  As an example, the effects of alcohol and drug use can be represented as a displacement in the distribution of speeds at a site (perhaps a mixed distribution of speeds for normal and aberrant users), at least in addition to the other effect (the increase in the wrong estimation and/or operation error rates, due to the impact on human processing and handling capabilities on the road).
Thinking on accidents, it seems that some aberrant behavior or unusual road or vehicle defects would always bear a significant role and would require mixed input data.  An alternative modeling option could be defended from a practical perspective: cleaning measures from the content of aberrant behavior and unexpected defects to estimate “normal” CO (and “normal” accidents), then adding the other types externally, based on empirical data.  However, the view on CO events as generated by fails is relevant even for “normal” CO measures.  For example, with this view, the probabilistic models previously presented should weight not only the probability of occurrence for a headway value but also the probability of an error in its acceptance for the crossing maneuver (what seems to be absent from the proposed formulas).
This view sets a good starting point to embody accident causation factors (mainly human errors but also road or vehicle defects) in conflict opportunity measures.  Nevertheless, the exact way to do it is not always clear and the better approach can take several ways.

Even better if one can develop a procedure taking into account the randomness in explanatory variables (e.g. speeds on the main and secondary roads or other operational variables, friction coefficients on the approaches or other physical  and geometric variables).  Modeling should be undertaken in a way that can built randomness into the CO measure.  Stochastic models are always potentially more complex (perhaps unmanageable, except numerically) but efforts can be seen in the occurrence-mechanism approach advocated for accidents of Wang (17).  The simulation based approach used to forecast accidents of Davis (18, 19), or the initial work of Lee, Berg (12) that will be discussed shortly, can also contribute in a more limited way.

The occurrence-mechanism approach of Wang (17) is instructive because it uses a probability of failure to predict accident occurrence, estimated by comparing distributions of available and required reaction time, deduced from the view of a second user and taking into account the distribution of several types of hazard events made by first users (this view is the opposite of the one embodied in the usual definition of CO, that takes the view of the first user and the distribution of actions of the second users during exposition to risk).  Nevertheless, as proposed by Wang, the occurrence mechanism approach does not try the calculation of the distribution parameters for the available and the required reaction times from design and operation variables based on engineering models (it uses econometric techniques instead).

The relevance of embodying design and operation models comes from the enormous number of factors that have to be taken into account and to the robustness (even in simplified versions) of the relations implied by these models. For example, the work of Lee, Berg (12) takes the problem of considering the effect of visibility constraints in the calculation of conflict opportunity models, discussing that the “visible gap” on the main road can be smaller than the time required for crossing the road, imposing a decision with “blind risk” to the driver on the secondary road.  The study sheds no light on the analytical representation of the feature, as it uses a simulation model for evaluating conflict opportunity measures and accident/injury potential.  However, in the preceding example, one could suggest that the lower limit of risky gaps should be constrained to be as smaller as the “visible gap” (i.e. 
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), reflecting the real physical constraint.  This reasoning embodies the effect of visibility restrictions in a very strict and justified way (instead of an ad hoc form).
In other settings, constraints could interact with user behavior in a complex way and the conflict opportunity expressions should represent the real process in a simplified but sufficiently rich way (sometimes touching some undeveloped realms of traffic theory).  In a signalized intersection, models should be sensible to the phasing plan (weighting opportunities during green, inter-green and red times) and, again, human errors and human behavior are relevant for building CO measures.  Pedestrians and left-turning vehicles could also have the option to cross on protected or permitted phases of the signal cycle, if both are present.  Especially for pedestrians, usually there is a decision on waiting for the green time or trying a risky crossing against the red signal display that should be embodied into CO measures.  Flows during green and red times (i.e. through movements of the straight road and turning movements of the side road) are scaled-up by the traffic signal, at least during the release of the platoon of queued vehicles.  Then, CO measures should be built considering several types of periods (platoon flow, normal flow, inter-green and turning flow).

Nevertheless, the view taken here is that, even if the mentioned improvements are absent yet, the simplified measures always carry some content (i.e. represent “certain prerequisite conditions” for accidents) and should be clearly related to features of the intersection and the flows it receives.  This is a point that has to be developed even more.  Some points are easy (as the effect of some signal phasing options on conflict potential) but others are not. But the view here is that this is a question of precision not of concept.  These developments are much needed, for sure, but some basic agreement on the operational concept of CO that can deliver good operational safety measures should be reached before.

2.2. A Successful Application of an Operational Concept and Measure of Safety

Paralleling these lines of research on modeling of CO measures at intersections, a success history of the use of concepts related to the same idea evolved in another field and can suggest the value of this effort.  The development of techniques for analyzing roadside design guidelines in the U.S. started the use of a procedure that also built accident prediction models based on operational measures that are similar to conflict opportunities: encroachments.

The main works on this field were revised in detail by Max and Sicking (see the chapter 2 in 20), where reference is made to several seminal works, to the AASHTO 1977, 1989, 1996 and 2002 guides (21, 22, 23, 24) and their supporting research.  The 2002 guide (24) included, as a mature and detailed tool intended to permit a more systematic evaluation of alternative roadside treatment proposals, the computational procedure of the Roadside Safety Analysis Program-RSAP (a major revision of the procedure embodied in the ROADSIDE software that was previously developed and also included as supplemental method in the 1996 and 1989 guides, both extending the original procedure of the 1977 guide, and NCHRP reports 77 and 148).  RSAP uses a consistent framework combining a stochastic setting with basic analytical models and applies a Monte Carlo method based on importance sampling of events for solving it (ROADSIDE also combines analytical models with numerical simulation).

All the mentioned documents are based on models built from an operational concept or measure of safety: encroachments of vehicles into the roadside (the presence of the roadside element is, of course, the additional feature defining the “conflict opportunity”).

Taking data on vehicle trajectories and position of roadside hazards, the procedures are designed to forecast the probability of accidents and the severity of accidents from physical and operational data (e.g. vehicle length, width and mass, roadside object offset, length and width, frequency, speed and angle of encroachment).
The accident generating process is clearly embodied into the forecasting model, as an operational safety measure or model intend to do, and encroachments are taken as basic data used for estimating another safety measure: accidents with roadside elements.

Just to be able to clarify the steps followed in a safety model based on operational safety measures and to relate it to the approach used in the research on other fields, it is worth mentioning the structure of the RSAP computational procedure:

· a basic frequency of encroachments (vehicles leaving the roadway) per year E is estimated based on a rate per ADT and length of road as 
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 is an adjustment factor based on road grade and curve radius, with a final user provided factor (see 5 for the empirical base of assumptions and adjustment factors);

· empirical distributions for each road class are used to get characteristics of the encroachment event as vehicle type, speed and orientation of vehicle, encroachment angle (adjusted for the curve radius if not in a tangent section as 
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· the extent of encroachment y (m) is also based on empirical data, depending on road type and adjusted for roadside slope: for two-lane undivided roads 
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 and for multilane divided roads 
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; the adjustment factor for roadside slope is 
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 is the side-slope in fractional form;

· the probability of an accident is based on the location and size of roadside features that can be hit by the encroaching vehicle, assuming uniform distribution of encroachment along the road segment; this probability is evaluated with a Monte Carlo simulation (importance sampling is used to warrant the generation of representative events of all cases, weighting their contribution to results based on the occurrence probability);

· the impact speed and angle, if an accident occurs, is taken as the encroachment speed and angle (i.e., assuming no braking along the encroaching path as well as no additional cornering); an impact severity index is defined as 
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 (the impact speed or the kinetic energy can also be used as a impact severity measure); roadside hardware elements have a containment capacity defined as impact severity or kinetic energy limits (if surpassed, the elements are taken as penetrated through or over and RSAP tries to evaluate the occurrence of other “secondary” accidents);

· the distribution of accidents by severity level (None, PDO 1 and 2, injury accident A, B and C or fatal accident) is a function of the accident severity index 
[image: image48.wmf]SI

, that is correlated to the impact severity 
[image: image49.wmf]IS

 (or even the impact speed V) for each kind of roadside feature; given usual accident costs by severity level, the average cost of accidents (other than roadside hardware maintenance) is integrated into a standard benefit/cost analysis to evaluate a given roadside design and road setting.

Several points can be made about the procedure described above (as it always the case when using an intelligible model) and some of the simplifications can be disputed (some were absent from previous versions).  For example, the ROADSIDE software used to evaluate the extent of encroachment from the encroachment speed and the assumption of a constant braking level of 3,9 m/s2 (for a friction coefficient f=0,40) and, despite using a single parameter for vehicle orientation, worked on some analytical assumptions to get the distributions for speed and angle of encroachment based on vehicle speed (actually, design speed).  See also the comparison table in the review of Max, Sicking (15, Table 7 on p.25).

Note that the operational model is based on standard maneuvers of drivers and could not be accounted for as a faithful model of a single accident event.  Nevertheless, this feature is enough for supporting an operational safety analysis (instead of an accident reconstruction).

Such kind of conflict opportunity option can be combined with the use of accident data, as shown by Miaou (25, where an alternative model is also discussed, using a formulation that can be related to the occurrence-mechanism approach of Wang), specially for calibration.

The accident based calibration of Miaou was developed because it was felt expensive to gather data on encroachments and because available procedures for operational measurement (surveying roadside marks along roads or video recording roadside sections) were  not able to differentiate controlled from uncontrolled encroachments (see 25).  This calibration option is fully justified and does not reduce the advantage of having a clear operational measure that can be observed and related to design and operation variables, if needed.  Model structure is clearly inspired by the identification of a relevant operational safety measure and can be set as chain of understandable causal relations.  Also, the ability to embody design variables and models in a sensible way should be retained in an intelligible model, leaving statistical calibration for estimating model´s unknown parameters only.

In general, it is always possible to set a less stringent and more frequent definition of an operational safety measure as a traffic conflict or conflict opportunity (e.g. approaching or surpassing the edgeline/centerline of the road and/or even the lane markings) but it can jeopardize the goal of selecting a truly valid operational safety measure (i.e. a measure that maintains a strong relation to safety problems, mainly to the occurrence of accidents).  This same result was also previously encountered in the study of traffic conflicts because certain types of events have a low occurrence rate and would require a very large period of observation for gathering statistically valid data.

From a practical point of view, the option of using a calibration approach based on accident data is supposed to be the preferred approach when the operational safety measure is harder to observe (usually because it defines a rare event yet, despite being more frequent than accidents) or always when the effect of some special factor is a concern (e.g. driving under alcohol and drugs influence or under some inclement weather condition).
The need of an accident based calibration procedure is, therefore, largely probable in any case, even if supplementary.

This line of research is a clear sign of the potential success achievable by the use of procedures based on a concept at least similar to the conflict opportunities.  The clear advantage is the ability of embodying design models and physical data into safety measures.

2.3. Some Unexplored Questions about the Operational Concept and Measure of Safety

Concluding this short review, one can see that the general concept of conflict opportunity is clear but that there is a large range of possibilities for precise operational definitions and models.  Given this option, there is also a need for validation procedures capable of selecting the more promising operational concept and the estimation models to be used in planning procedures for design and evaluation.  This effort is the main subject here.

The natural option would be a comparison of candidate measures of conflict opportunities with accident records, as usually done with traffic conflict studies at intersections (our previous work on this subject is just one example, as in 26).  Nevertheless, accident data are crude for a detailed evaluation of safety measures that are intended to reflect a wide range of effects from physical and control variable.  In traffic conflict studies, this problem is dealt with by identifying classes of intersections with similar parameters but this approach has clear limitations and difficulties (the number of classes should be kept at a minimum and each class has to be studied with a sample of proper size).

The alternative option would be to use a more operational validation criterion.  In this case, traffic conflicts are one mature concept that can be used to evaluate alternative concepts of other operational safety measures.  Such a measure can be used as a comparison yardstick against to each alternative safety measure can be related (what can be thought as a comparison of safety diagnosis based on one or other operational measure).  Given the use of another operational measure as validation criteria, the exercise can be applied for each elementary time period (e.g. a cycle in a signal controlled intersection, each 5 or 15 minutes of peak or off-peak periods, and so on), reflecting the wide variation of traffic and control variables. In the following, this approach is developed and applied in an empirical study.

It also worth to note that usual definitions of conflict opportunity lack a fundamental facet of accident causation: the potential effectiveness of evasive measures (a clear component in the definition of traffic conflicts, for example).  This observation suggests another alternative for defining an operational measure of safety: the concept of Risky Conflict Opportunity-RCO (weighting the probability of the occurrence of a conflict opportunity by the probability of a non-effective evasive measure).  The estimation of the probability of an effective evasive measure is important because it can be able to consider a large number of factors (both physical and operational) for each kind of maneuver that influences the available time for action but it would require the definition of a safety level for identifying the occurrence of risk (generically stated, risk is a question of degree more than an all or nothing feature).

The alternative concept of a Risky Conflict Opportunity-RCO can be stated by the formula:
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where 
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 is the probability of a successful evasive action for the conflict opportunity generated by the same maneuvers and in the same period.
Even the alternative concept of a crossing opportunity can be taken as another candidate for measuring the traffic safety for pedestrians (a positive measure of safety, instead of a negative measure of safety as conflict opportunity, conflict or accident occurrences).  More generally, the positive concept of a Maneuver Opportunity-MO measure is a fully justified option for measuring the potential safety, crossing opportunities being just an example of a large spectrum of maneuvers that should reflect all the demands of road users.  The estimation of the probability of an adequate maneuver opportunity measure is also important in considering a large number of factors (both physical and operational) related to each kind of maneuver and to the available time for action and, again, would require the definition of a safety level for identifying the occurrence of risk.  The drawback is that such positive measures can have a less direct relation to accidents (generally thought as the final event to be forecasted by any safety evaluation as accidents are supposed to carry the larger share of societal costs).
The positive concept of a Maneuver Opportunity-MO can be stated by the formula:
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where 
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 of an opportunity being safe for the maneuver.
One should stress that both, RCO and MO measures, should embody a safety margin taken as the accepted threshold of risk and that the MO measure does not require data on the demand for the maneuver (that is embodied in the 
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 measure of CO and RCO estimates).
A positive measure must embody a defined level of safety (or accepted risk) as it should identify a safe MO.  Several levels of safety can be accommodated if defining a set of MO measures with varying levels of risk as ideal MOs (no risk), acceptable MOs (low risk) and unacceptable MOs (high risk).  The same can be said for a RCO, given a course of collision, because some very light evasive maneuver can be needed (such as braking a car when approaching at 40 km/h with full visibility at 500 m of a standing queue ahead).
For CO measures, the selection of risk threshold is partially implicit in defining the requirements for a conflict opportunity event but no explicit safety margin seems to be required.  Therefore, one can consider that a valid concept of a CO should identify a risky situation by principle (i.e. a RCO), with the degree of risk that was determined as adequate (due to the compromise between rate or frequency of events and quality as measure of safety). The distinction of CO and RCO would be, following this view, similar to the one between real and virtual traffic conflicts in the TCTs.
As a final point of this theoretical section, it is worth to note that most works on conflict opportunity concepts were devoted to the study of vehicular road safety problems, as usual.

The development and application of the concept of conflict opportunity for pedestrian road safety problems, the subject of this paper, was smaller but one can mention practical studies that used exposure measures with the same meaning.

For example, in a study on a field evaluation of pedestrian warning signs (27), the events that had motorists slowing for pedestrians, motorists stopping for pedestrians and pedestrian-vehicle conflicts (all of them including users of bicycles as well as pedestrians) were analyzed as rates of counts per pedestrian exposed to vehicles.  This conflict opportunity measure (the number of pedestrians exposed to vehicles) was attributed to Parker (28), again as a replacement of a simple exposure measure based on pedestrian counts.  However, the proposed measure is clearly different from those developed for vehicles.  The CO measures for vehicles in crossing maneuvers do not include the potential risk during the time drivers are waiting for a gap but just the risk of a conflicting arrival during the crossing maneuvers.  The corresponding concept of CO measures for pedestrian would consider the risk of conflict with vehicle arrivals during pedestrian crossing but not vehicles flowing in front of pedestrians during the time waiting for an accepted crossing opportunity.

Of course, one can propose that a concept inspired on the Parker CO measure should be used for vehicles.  Several other alternative definitions of conflict opportunities can be proposed but other concepts of operational safety measures seems to be valuable as candidates as well.

On the analytical side, one should also mention the work of Zhang, Prevedouros (29) as the sole contribution to the CO literature that treated pedestrian-vehicle events involving permissive or protected left-turns at traffic signals, applying concepts quoted from the work of Ha, Berg (11) previously reviewed (again aiming at developing level of service measures incorporating safety risk).  Using the operation model from the latest version of the U.S.HCM, the work of Zhang, Prevedouros used a fine detail of operational periods along the green of left-turn vehicles, recognizing the queue discharging of the opposed flow during permissive phases and the time to the first left-turn vehicle in general phases, before the occurrence of CO events.  Peculiar features of pedestrian and left-turn maneuvers (as lane use) were also built into CO measures and will be reviewed on the following discussion.
On the observation side, one should also mention the work of Fitzpatrick et al. (30) where operational procedures for field work were extensively used for analyzing pedestrian behavior and safety at unsignalized crossings.  Mainly in the appendices, the work includes field studies on pedestrian perception, motorist compliance, pedestrian speed and gap acceptance (the main point, for the scope of this study).  As pointed-out, pedestrian crossing behavior is marked distinct from vehicular crossing in the way pedestrians can use staggered gaps (“rolling gaps” in their terminology) along lanes to be crossed.  This feature is used here as a sign of the peculiarities that one should embody in a relevant model of pedestrian behavior.
In the next section, the discussion tries to fill the methodological gap about the definition of CO concepts for pedestrians, their estimation models and field observation.

3.  APPLYING THE ALTERNATIVE CONCEPTS OF OPERATIONAL SAFETY MEASURES TO PEDESTRIANS AT SIGNALIZED INTERSECTIONS.

As previously said, the detailed definition of the concept of a conflict opportunity (and the related concepts of a crossing opportunity or of a risky conflict opportunity) is not clearly stated, despite the general view of a CO as an event where one can observe the presence of certain prerequisite conditions related to speeds and relative positions of vehicles that can generate a conflict or accident.  The general concept can also be extended to CO measures for vehicles and the roadside (as in the use of encroachments as a CO measure) or vehicles and pedestrians (even to safe crossing, if using the positive concept of a crossing opportunity).
In the same vein, the general concept of a traffic conflict is clearly stated as an event in which two vehicles (or a vehicle and a pedestrian, or a vehicle and the roadside) are in a course of collision and an evasive maneuver is required to avoid the accident.  The observation of the “evasive” action is taken as the sign of its necessity (being it a braking, swerving, accelerating maneuver) unless the maneuver should be better classified as a regular action (as stopping to give way to main flows) or preventive action (because the real risk of an accident is small, e.g. due to the lack of a potential collision course or the availability of ample reaction time).

In the following discussion, given our intention of using conflicts for validation purposes, the points stressed in our previous work on pedestrian conflicts (2) are discussed and evaluated to reach alternative definitions of conflict opportunity and crossing opportunity for pedestrians, especially at signalized intersections (not only generally but also operationally).  As quoted in the previous work, several observation tips are absent from operational concepts and even from practical recommendations for conducting conflict studies for pedestrians and the same is true for the newer CO concepts investigated in this study (and in a wider sense).

Before proceeding, one should note that the discussion is limited to general questions.  A quick tour on the specific models and assumptions used in the TRAF-Safe software (13, 15), the most operational tool based on the conflict opportunity concept for intersections, reveals that a lot of questions can be raised in relation to the estimation of CO measures, considering each type of maneuver (e.g. angle, rear-end, head-on and sideswipe), in each type of facility (signalized or unsignalized intersections, with or without turn bays or other channelization device, with or without protective phasing or opposing flows).  Then, the current state of development of specific models for intersections is also a subject of concern, either for vehicular maneuvers or even more for pedestrians and other maneuvers.  For other settings, except for the evaluation of roadside safety, matters are even less developed.

3.1. Delimitation of Relevant Events and their Definition
For traffic conflicts, despite the clarity of the general concept (requiring a course of collision and the need of an evasive maneuver to define a traffic conflict), there are several practical questions that appear on the field observation of conflicts and have to be judged.  This point is mainly related to the severity of the traffic conflict but also to the identification of the traffic conflict and, perhaps, some other relevant events.  The grading of severity will be discussed in the next topic and the other observational hints are covered here, as in our previous work (2).

In general, all guides achieve good agreement on the observational criteria for identifying traffic conflicts, that can be summarized as:
· disregard preventive maneuvers (e.g. the lowering of vehicle speed or the running of pedestrians without the presence of a conflicting user or element),
· - disregard virtual or potential conflicts (in which the real risk of an accident is very small and can be ignored),
· - devote special attention to quasi-accidents (i.e. conflicts with emergency evasive actions),
· - include near misses (events with high risk of accident, given speeds and proximity, even without a course of collision, perhaps by chance, but in which the reaction time is very small and no evasive action would be possible if mandated),
· - distinguish conflicts from other traffic events, as traffic violations or user distraction (limiting its annotation to events that happen to generate traffic conflicts after their occurrence).
The other events could be of interest also but should be registered separately.

The evasive action is a braking, swerving or accelerating maneuver did by a road user (the second user) that has been catch in a risk of accident by the action of another user (the first user).  As braking, swerving or accelerating maneuvers can be commanded by other events in the traffic operation than by reacting to the danger of an accident (e.g. reducing speed to manage a turn or stopping to give way on the road), the observation should be tempered with signs of a reaction to a real danger of accident (the unexpected action by the first user, per se, the unneeded reaction of the second user in the normal operation).  A point worth noting is that the U.S. guide is the only one that has a clear concern with normal maneuvers that just give the right of way to users having priority on the road.  These maneuvers are distinguished from normal conflicts (in which the evasive actions reacts to the danger of accident) and discarded (unless there is a clear sign of an unforeseen reaction to the potential accident).

The U.S. guide is also the only one that clearly identifies events with multiple conflicts from single conflicts and distinguishes primary from secondary conflicts (despite discarding secondary conflicts in the analysis of results).  A multiple conflict forces several vehicles to take the evasive action (the number of reacting vehicles is the number of simultaneous conflicts) against the same first user action.  A secondary conflict is the potential one generated by the evasive actions of previous conflicts.  The major simplification in the U.S. guide is the option of avoiding further classification of conflicts by severity level (after disregarding virtual conflicts and give-way maneuvers).

Most of these points are not carefully discussed in all official guides and we considered it to be a relevant missing point, especially for the observation of pedestrian-vehicle conflicts. In summary (2), usual criteria are: the analogy to vehicular conflicts can be supposed the hidden assumption in all official guides; the U.S. guide seems to extend this view to the identification of conflicts, counting only the events in which the vehicle is taking the evasive action; one would count events in which pedestrians are taking the evasive action only if they are near misses.  An interesting point is that events involving multiple users are much more common when dealing with pedestrians (that usually walk in groups) but not so relevant.

Currently, when observing pedestrian-vehicle conflicts, the hidden assumption of analogy should be tempered using subjective criteria with more stringent requisites for discarding virtual conflicts (especially if the evasive action is taken by the pedestrian).  The guiding idea is the same (to disregard events with ample reaction time) but the time scale is different. Thus, the idea of counting events in which the pedestrian does the evasive action only if the reaction time is very small can be recommended (it is a near miss if there is no evasive action).  Note that the lack of obedience to the right-of-way traffic rules protecting pedestrians is usually a major legal fault at less developed countries (it is so in Brazil) and the interpretation of traffic conflicts involving pedestrians should consider the usual behavior as the normal rule.
More stringent criteria should also be used for counting conflicts involving several users when multiple pedestrians are involved.  They are counted as a single conflict, even when the group of pedestrians are taking the evasive action, if they are acting as one group (a mother and her children, a group walking “together”, …).  When multiple vehicles or multiple groups take the evasive action, the number of vehicles or groups defines the conflict multiplicity.  There is the option of counting multiple conflicts as a separate conflict type (what is similar to the criteria used for related accidents).  The alternative criterion of viewing single events with several users as one single conflict is also a sensible option.  The concepts of primary and secondary conflicts are kept as usual.

For conflict opportunities, concepts proposed for vehicular movements are similarly applicable to pedestrians in several points but specific questions are worth of noting.
Measures of CO estimated as the number of arrivals during the time exposed in the crossing maneuver are similar to the definition of traffic conflicts as there is a course of collision (if arrivals are counted at the conflict area) and then the need of an evasive action.  If estimated as the number of crossings with “some” arrival (without weighting with the number of arrivals), the multiplicity of conflicts or the presence of secondary conflicts is disregarded (what was taken to be a sensible approach).  Measures of CO as number of vehicles passing in front of pedestrians (or pedestrians waiting with vehicles flowing or pedestrian-seconds of pedestrians in front of passing vehicles) are not related to the traffic conflict concept (despite the presence of some prerequisite conditions for accidents).  A measure of severity can be related to the time from the beginning of the possibility of a crossing maneuver (the available reaction time for the road user that should do the evasive maneuver), constrained by the timing of events and by physical restrictions on available visibility distances.

Note that usual estimates of conflict opportunity measures do not ask for the evasive action and do not weight its severity (perhaps the observation in the field should do them) but just for its need (given the course of collision).  The practice about the judgment of normal give way maneuvers is not clearly stated in previous references about CO measures.  As previously said, for traffic conflicts, observation criteria for evasive actions that can be confounded with regular maneuvers should be more stringent (but are also possible).  For CO measures, some works take the stopping distance as the time of exposition to conflicting arrivals for a preferential maneuver (instead of the crossing time, as adopted for secondary a maneuver).  This is a loose criterion as the arrivals on the secondary maneuver would usually give-way to preferential ones and generate no danger, unless an error occurs or a risky action is selected.
It was stressed that model for estimation of conflict opportunities has to be linked to the faults that generated the event to be clearly meaningful.  With this vision, one has to accept that faults can occur on main roads as well as in secondary roads (perhaps with varying rates, depending on their specific variables, e.g. visibility distance and approaching speed).  This is similar to the criteria used for traffic conflicts because the observational hint of disregarding normal braking on the secondary road is tempered with the recommendation of considering them if there is a clear sign that the braking maneuver reacted to the danger of accident.  At least, the option would be to classify events by types that would envisage a similar error level and accident potential (including severity).
Therefore, each kind of conflict opportunity would have to be estimated separately so as to be weighted differently (as needed to represent different propensity to each type of error), at least in forecasting traffic accidents.  This point is taken again, when discussing measures of risk.
3.2. Criteria for Identifying the Severity of Events (and their use)

For traffic conflicts, most of the discussion of severity in official guides is also limited to vehicular conflicts.  Two separate points merit discussion: the grading of severity of individual conflict events and the grading of severity of the overall local conflict level.

The official guides, other than the U.S.FHWA one, give much attention to the identification of the conflict severity for events but its final importance to the objective analysis is small.  In the established methods applied for vehicular conflicts, the severity is used to identify virtual conflicts (as the lower severity level, usually discarded) and as qualitative information for the diagnosis.  Our previous work (2) recommended the use of the available reaction time (excluding the actual maneuver time under normal conditions) as the yardstick for evaluating traffic conflict severity, compared to the reaction time required.  Other criteria are used to identify near misses (mainly speed of the offending vehicle and distance between road users, both measured at the time when they are in extreme proximity).

Based on our discussion, the subjective identification of virtual conflicts based on a subjective grading is recommended also for vehicle-pedestrian conflicts but taking a more stringent criterion when the pedestrian takes the evasive action.  Our practice was to use the grade of conflict severity for discarding virtual conflicts only.  It seems to be enough and similar to other criteria for practical purposes as the evasive action is usually taken by the vehicle.  The vehicle speed is fundamental for evaluating the severity of traffic conflicts and this is a complicating feature as it commands the analysis of each event weighting its own variable (a hard task to carry-out during field observation and even at the office, if speed and distance are available as data gathered at the field, based on the subjective guessing of trained observers).

In the evaluation of the severity of the local conflict level, the naive approach of using the conflict counts is adopted by all procedure but the one proposed by the U.S.FHWA, where each type of conflict of each type of facility has an upper limit for identifying the abnormal level of conflict count.  Differentiating the normal and abnormal levels of conflict counts by type of conflict and type of facility has the clear meaning of recognizing that certain conflict types are intrinsically more frequent in some settings (without being more dangerous in the same measure) and that the conflict counts of each type in each site should compared to its normal level before judging the severity of the local conflict level.  Currently, settings are differentiated by geometric, control and traffic variables of the overall facility (a main drawback of TCTs is the need of diagnostic parameters for each type of setting).

Note that the final hazard level can also be evaluated by differentiating the accident proneness of the conflicts as well, as discussed in the following item, at least as an alternative procedure.

For conflict opportunities, usually the event severity is not taken into account except for defining the events that should be considered (this can be taken as equivalent to a practice of just disregarding virtual conflict opportunities, but without evaluating the evasive action risk).

As our example for vehicles crossing an unsignalized intersection have shown, one has to define the time of exposition to conflicting arrivals either as time to cross (taken as the distance of exposition divided by the normal crossing speed or as the time to surpass on the crossing distance with normal acceleration) or as lower and upper limits of a risky gap (in general as minimum and maximum offset from a normal crossing time).  The conflicting distance is usually taken as crossing distance on traffic lanes and the selection of normal maneuver characteristics (speed/acceleration or lower/upper offset) then defines the safety margin that identifies a conflict opportunity.  Criteria based on some lower or upper percentiles of the distribution of maneuver characteristics would be natural candidates.

As previously noticed, the prediction of the potential effectiveness of the evasive action required in the event is usually absent from conflict opportunity measures.  Again, the available reaction time or the probability of failure in the reaction could be suggested as the required criteria for adding such a prediction.  The probability of failure (i.e. of generating an accident, perhaps weighting by its potential severity or harmfulness) seems to be the more defendable metric for the final weighting of conflict opportunities with varying severity levels.  Nevertheless, the more practical approach of taken severity just in defining relevant conflict opportunities (i.e. disregarding virtual ones), then evaluating the frequency of relevant events and finally judging its risk of generating a traffic accident (the discussion of the next item) is justified as more simple, if able to reach significant precision.

The same kind of observation is valid for the evaluation of the local severity level.  The prediction of the frequency of conflict opportunities is taken as the data required for evaluating the level of the local safety problem (perhaps weighted by the accident generating potential of conflicts as discussed in the next item).  This criterion is equivalent to the hidden supposition that different type of events in different types of facilities have the same basic level of individual dangerousness.  Perhaps the theoretical criteria based on the available reaction time or on the probability of failure in the reaction or any other practical criteria can be successful in reaching such uniformity but the problem has to be set and analyzed properly before accepting its implicit property.  Otherwise, the normal level of conflict opportunities would have to be defined as well (as for traffic conflicts).  Alternatively, the relative weight of each conflict opportunity type could play the role of reaching uniformity of risk.
Again, one can also analyze if the weighting of the accident proneness is enough for weighting differences of the local conflict opportunity level for a type of conflict at a type of site (also as for traffic conflicts).  The justification for avoiding to weight conflict opportunities only for their accident proneness (including the danger of injuries or deaths) is to take other events with risk as relevant by themselves.  Of course this is clearly so but the relevance of the change in the potential results of a road safety analysis where not evidenced.
Here, despite meriting further development and study, there is a point that should be noted: the use of conflict opportunity measures for achieving some level of service measure for safety (advocated by Berg and his coauthors) or as an accident forecasting metric (as implicit in the RSAP or ROADSIDE software) clearly adopted the assumption that one can proceed from estimated frequency of conflict opportunities to the prediction of accident frequency and accident severity.  The meaning and relevance of defining normal/abnormal levels of counts are then challenged by this view and would have to be clarified and justified before-hand.

3.3. Criteria for Identifying the Measure of Risk in Traffic Conflicts

For traffic conflicts, the differences in the probability of generating an accident (accident proneness) of each type of conflict and type of site (perhaps weighting the level of conflict severity and/or traffic conditions) are widely recognized in the official guides and other works.  Nevertheless, the concept of level of hazard (or danger) is not explicitly stated in any of the official TCT guides or even in other related papers.

The notion of accident proneness is the content we attribute to the concept of level of risk for traffic conflicts (that we distinguish from the level of hazard or danger, a measure that should also weight the severity of the accident eventually generated in the events).  Due to usual deficiencies in accident data, accident proneness measures are much more aggregated than traffic conflict data (either by type or by spatial detail).

The same judgments can be extended to the study of the risk involved in pedestrian-vehicle conflicts but the calibration is more difficult as data available is scarce (2).
The generic accident to conflict ratios of the Swedish guide are the available information on generic accident to conflicts ratios (see Table 1) .  Nevertheless, our previous work (2, 26) reached empiric estimates that vary widely for different types of site or types of conflict, suggesting that a fine typology of sites or conflicts is relevant.  For example, our study on signalized intersections estimated the overall ratio of accidents per million of conflicts as 78 (almost a quarter of the Swedish result for general sites) and have shown that there is a significant difference between the accident proneness measure for conflicts at near crossings (entry or stop-line pedestrian crossings) and conflicts at far crossings (exit or unprotected/free pedestrian crossings).  At near crossings the ratio was 294 accidents per million of conflicts and at far crossings the ratio was 39 accidents per million of conflicts.  Even if the difference between our overall ratio for signalized intersections and Swedish results for generic sites can be partially attributed to differences on the TCTs used and the user behavior in each country, the sevenfold difference between near and far crossings is a clear sign of the need of some further segmentation (or of taking into account some other explanatory variable).

Table 1 – Ratio of Accidents per Million Conflicts from Swedish Studies.

	
	Sweden/98

 – All Severe
	Bolívia/94
 – Low Severity
	Bolívia/94

 – High Severity

	Car-Car “parallel”
	28
	10
	60

	Car-Car “right-angle”
	119
	40
	200

	Car-Unprotected Road User
	339
	200
	700


Source: 21, 22, 23 (transformed to Accidents per Million Conflicts)

The first approach (classification or segmentation) was usually followed in TCTs but sets a hard problem (to find the better segmentation) and was previously explored in our research, using a decision-based criterion that mimics the rationale of benefit-cost analysis (26).  The scarcity of data on pedestrian accidents is noticeable as the classification (or segmentation) problem has the drawback of requiring the availability of large samples for significant statistical results, with good conflict and accident data (what is even worse when dealing with pedestrian-vehicle conflicts and accidents). So, it seems unavoidable that knowledge in this approach should progress through a series of individual studies, devoted to specific samples.

The second approach (modeling the effect of explanatory variables) is the alternative option of searching for models of severity potential based on further explanatory variables and was usually trekked in studies about conflict opportunities or other operational safety measures, asking for a guiding theoretical perspective to derive models.  Both approaches on the development of CO measures at intersections previously identified followed it in their search of level of service measures for safety.  The RSAP and ROADSIDE software are fully based on a benefit/cost approach in the same line.  All these studies translated accident measures into overall severity potential of accidents.
Works led by Berg (11, 12) used measures of kinetic energy (i.e. taken the mass of vehicles and the square of their speed) for developing a substitute measure of accident severity.  Ha and Berg (11) estimated the accident frequency using accident to conflict opportunity ratios (used as rough ratios of annual accidents per hourly average conflict opportunities, as 0,054 for left-turn head-on collisions and 0,00049 for rear-end collisions, respectively, at signalized intersections) and took the kinetic energy of vehicles as the accident severity measure (impact speeds were taken as 67% and 33% of travel speed for left-turn head-on collisions and for rear-end collisions, respectively, at signalized intersections).  Lee and Berg (12) estimated the accident frequency using simulation and again took the kinetic energy of vehicles as the accident severity measure, using a correction based on the ratio of the safe speed to the vehicle speed (the safe speed is defined as the reduced speed needed to avoid the accident as simulated).  The final measure (accidents weighted by severity potential) was the criterion used to set levels of service for safety at intersections in their proposal.

Works led by Kaub adopted the Ossenbruggen´s Lifetime Risk measure (31) as the criterion for setting levels of service for safety at intersections, based on the full estimation of accidents by severity level.  Level of service is defined based on injury accident rates per vehicle-mile, after accepting the lifetime risk of death as 1 in 1000 proposed by Ossenbruggen (translated to 7,8 injury accidents per 10000 vehicle, based on 664,4 vehicle trips per person per year, 70 years per lifetime and 18 fatal accidents per 1000 injury accidents).  Equally spaced service levels were built by setting the limit for level of service E based on 25% of the average risk for signalized intersections (rounded to 2,0 injury accidents/10000 entering vehicle) and a 5% of the average risk for stop-controlled intersections (rounded to 0,4 injury accidents/10000 entering vehicle).  The accident frequency is again estimated based on ratios of accident to conflict opportunities, by accident type (angle, rear-end, side-swipe, single ...).  The author report on the use of simple regression based estimation of ratios (explanatory variables would be major and minor approach volumes, among others).  The number of injury accidents is estimated from annual accidents using the simple rule of a share estimated by the ratio Speed/100mph and the number of serious injury accident (AIS codes 5 or 6) is estimated by the a share of 
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.  It seems that several versions of similar models were developed and used along the time but the documentation of results and calibration procedures is missing.

The procedures of the RSAP and ROADSIDE software were previously reviewed and also goes from encroachments to accidents, but using a set o mechanistic assumptions and physical data, then to accidents by severity level and final accident costs (that are included in the benefit/cost analysis against capital costs, maintenance costs, ...).  There is no ratio of accidents to million of encroachments (each encroachment, or encroachment type, is simulated to check if an accident is predicted).  The severity is evaluated by the impact severity index (IS), the kinetic energy or even the impact speed by itself and used to estimate an overall severity index (SI) of the accidents on a 0 to 10 scale, considering the type of roadside object hit in the accident.  The composition of accidents by severity level is defined by a conversion matrix based on the accident severity index, as shown in Table 2 (24, Table 18).  Standard accident costs by severity levels are then used to convert accident frequencies by severity level into societal accident costs.
Table 2 – From the Accident Severity Index to the Distribution of Accidents by Severity in RSAP.
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Note that, for our purpose (validation of alternative concepts and measures) and our strategy (comparison to traffic conflicts as the validation criterion), this last step is not relevant, at least if one accepts the view that CO measures and traffic conflicts of similar types are more directly comparable than each of them to accidents, injury accidents or accident costs. For practical application, however, the final step is clearly important.
...
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