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OASIS – Score Equations
The Oregon Adjustable Safety Index System (OASIS) is an online safety analysis tool capable of performing similar analyses as the ODOT Safety Priority Index System (SPIS). 
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Using the OASIS tool, users may perform a “SPIS-like” analysis, but have the option to vary the parameters to create custom reports from the data within the system. For example, users may:

· Modify the General Settings (e.g., crash years, segment length, segment qualifier and jurisdiction)

· Select specific types of Crash Conditions to analyze (e.g., collision type, weather, light, road surface and special)

· Modify the OASIS Score Equations (e.g., crash frequency, rate, severity and severity rate)

Modifying OASIS Score Equations
[image: image6.jpg]The OASIS score for a selected roadway segment during a selected time period is the sum of four calculated indicators: Crash Frequency Indicator, Crash Rate Indicator, Crash Severity Indicator and Crash Severity Rate Indicator.
The total of all indicators combined equals the OASIS score. The maximum OASIS score is 100. The higher the OASIS score, the higher the potential safety needs for the identified roadway segment.
Crash Frequency Indicator

Crash frequency refers to the number of reported crashes occurring in a defined length of roadway during a defined period of time. Many agencies use crash frequency to compare the number of crashes at one location to the number of crashes at another location, typically over similar periods of time and similar lengths of roadway.

While crash frequency provides a simple way to rank roadway safety, it may tend to be over exaggerated on roadway segments with high volumes.

OASIS calculates the Crash Frequency Indicator (CFI) using a logarithmic distribution based on the number of crashes in the selected time period for the selected segment length. With a logarithmic distribution, the CFI value increases quickly and then levels out near a maximum value.
The CFI calculation is: 
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Where:

· FATAL = the number of Fatal (K) crashes

· INJA = the number of severe injury crashes (Class A)

· INJB = the number of moderate injury crashes (Class B)

· INJC = the number of minor injury crashes (Class C)

· PDO = the number of “property damage only” crashes
· A, B, C, D and E = the weighting parameters for injury severity and can be equal to 1 or 0 with a range from 0 to 10,000
· WFreq = the weighting parameter for CFI; the default value is 25, but it can vary from 0 to 100
· MAXFreq = the maximum value the CFI can reach; the default value is 150, and there is no maximum value 

Guidance: MAXFreq should resemble the maximum number of crashes expected (or 95th percentile) for a given roadway segment; on higher volume roads, 150 to 300 crashes may be expected in a 0.1- mile segment; for longer segments, it varies by the class of the road. 
Crash Rate Indicator

Crash rate is another method to compare crashes at one location to another location in relation to some measure of exposure (typically traffic volumes). Crash rates normalize the frequency of crashes based on traffic volumes.

The Crash Rate Indicator (CRI) is a value determined using a logarithmic distribution. Crash rate as used in OASIS is defined as the number of reported crashes for a given length of roadway divided by a given period of time and the amount of traffic volume.

Crash rate is a simple measure but may overemphasize low volume segments with low numbers of crashes, which tends to offset crash frequency.

The CRI calculation is:
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Where

· FATAL = the number of Fatal (K) crashes

· INJA = the number of severe injury crashes (Class A)

· INJB = the number of moderate injury crashes (Class B)

· INJC = the number of minor injury crashes (Class C)

· PDO = the number of “property damage only” crashes
· A, B, C, D and E = the weighting parameters for injury severity and can be equal to 1 or 0 with a range from 0 to 10,000.

· WRate = the weighting parameter for CRI; the default value is 25, but it can vary from 0 to 100
· MAXRate = the maximum value the CRI can reach; the default value is 7, and there is no maximum value 

Guidance: MAXRate should resemble the practical maximum number of crashes expected (or the 95th percentile); for lower volume roads the maximum rate might be as high as 15 or 20 crashes per million vehicle miles. For longer segments, rates will typically decrease.

Crash Severity Indicator

Crash severity (sometimes referred to as equivalent property damage only) assigns weighting to crashes by severity. The severity rating for a crash is the severity of the most severe injury received. Agencies typically use this measure to give more relative weight to more serious types of crashes or may weight the severity by the cost of the crash.

The Crash Severity Indicator (CSI) in OASIS is a linear function that uses a relative cost crash for each severity. The default uses 100 as representative of the cost of Fatal and Injury A crashes, 10 as representative of the cost of injury B and C crashes and 1 as representative of a PDO crash. Generally speaking a Fatal and Injury A crash costs 100 times a PDO crash, and the Injury B and C crashes cost ten times the PDO crash. Other models of crash severity weighting may be used.

Crash severity may tend to overemphasize segments with a low frequency of severe crashes depending on the weighting.
The CSI calculation is:
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Where:

· FATAL = the number of Fatal (K) crashes

· INJA = the number of severe injury crashes (Class A)

· INJB = the number of moderate injury crashes (Class B)

· INJC = the number of minor injury crashes (Class C)

· PDO = the number of “property damage only” crashes
· A and B = the weighting parameters for Fatal and injury A severity crashes; the default value is 100, with a range from 0 to 10,000
Guidance: The weighting parameter values indicate a general level of significance. In the past, this level was based on estimate of cost, the cost of a fatal (K) or injury A crash was approximately 100 times a PDO crash (similar to an equivalent PDO (weighting based on cost)

· C and D = the weighting parameters for injury B and C severity crashes; the default value is 10, with a range from 0 to 10,000
Guidance: The weighting parameter values indicate a general level of significance. In the past, this level was based on estimate of cost where the cost of an injury B or C crash was approximately 10 times the cost of a PDO crash
· E = the weighting parameter for PDO crashes; the default value is 1, with a range from 0 to 10,000
Guidance: The weighting parameter values indicate a general level of significance. In the past, PDO crashes were assigned a level of 1 and the other weightings were given appropriate values based on this.

· WSeverity = the weighting parameter for severity index; the default value is 50, but can vary from 0 to 100
· MAXSeverity is the maximum value the CSI can reach; the default value is 300, with no maximum value
Guidance: MAXSeverity represents the maximum value typically encountered for the length of roadway segment selected.

Crash Severity Rate Indicator
Crash severity rate is a combination of the crash severity and the crash rate measures. It is similar to crash severity, only with a rate associated to account for traffic volume and based on a logarithmic function.

Similar to crash severity, the Crash Severity Rate Indicator (CSRI) in OASIS uses a relative cost crash for each severity. The default uses 100 as representative of the cost of Fatal and Injury A crashes, 10 as representative of the cost of injury B and C crashes and 1 as representative of a PDO crash. Generally speaking a Fatal and Injury A crash costs 100 times a PDO crash, and the Injury B and C crashes cost ten times the PDO crash. Other models of crash severity weighting may be used.

Crash severity rate may tend to over emphasize low volume roads (like crash rates) or low frequency of severe crashes depending on the weighting.

The CSRI calculation is:
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Where:

· FATAL = the number of Fatal (K) crashes

· INJA = the number of severe injury crashes (Class A)

· INJB = the number of moderate injury crashes (Class B)

· INJC = the number of minor injury crashes (Class C)

· PDO = the number of “property damage only” crashes
· ADT = average daily traffic

· A, B, C, D and E = the weighting parameters for injury severity and can be equal to 1 or 0 with a range 0 – 10,000.

· WSeverityRate = the weighting parameter for the CSRI; it can vary from 0 to 100
· MAXSeverityRate = the maximum value the CSRI can reach; it can vary from 0 to 100
Guidance for Settings in Indicator Values
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For each indicator, you may specify a Maximum Value, Weighting and Crash Severity Weight, or accept the default value for these three factors, to use in the indicator calculation. 

Maximum Value
Maximum Value refers to the point where the indicator will equal the weighting. When the maximum value is met or exceeded, then the indicator equals the weighting. For example, if the maximum value of an indicator is met or exceeded and the weighting is 25 percent, the indicator value will equal 25. 

The maximum value of the indicators can be problematic.  The default maximum values are set 0.10-mile sections.  The equations are not “normalized” for section length. The maximum number of crashes will increase as the section is lengthened, but not at a linear rate; as the section increases in length, the crashes per mile decreases.  

This means the maximum value must account for an added section length.  If the maximum value is set too low, the indicator may not take into account some of the worst sections. The excess over the maximum is then not considered in the indicator.  It is probably better if a maximum value is set too high to provide “cushion” between the maximum and the largest values found in the indicator.  This becomes more of a problem when longer sections of highway are examined.

Weighting
Weighting refers to the percentage the indicator value contributes to the overall OASIS score. It also equals the highest value for the calculated indicator.

The sum of the percentages of the indicator values must add to 100 percent.  The highest possible score for a site is 100 (if all maximum values are met) and the sum of the indicator values may not exceed 100.  The default weightings of the Crash Frequency Indicator and Crash Rate Indicator are both 25 percent.  Both of these use the number of crashes as their basis. Thus, by assigning both of these 25 percent and the Crash Severity Indicator with 50 percent, it balances the indicators and does not unfairly balance the site selection towards higher numbers of crashes.  Weighting between the indicators should be selected carefully, depending on what is trying to be achieved. 

For longer sections where the objective is to treat certain conditions or certain types of crashes, it may be more expeditious to use only one indicator, such as Crash Severity Indicator or Crash Frequency Indicator, by setting its weighting to 100 percent.  This may aid in providing a better understanding of the impacts of investments.
Crash Severity Weight

Crash Severity Weight refers to the level of significance assigned to one crash severity rating (i.e., Fatal, A, B, C or PDO) compared to another when calculating each indicator that contributes to an OASIS score.

Within the CFI and CRI, it should typically default to equal values for severity of the crash (default values for these indicators are 1).

In the CSI formula, the fatal and severe injury crashes are given the same default weight. The primary reason for this is to not give too much dominance to a fatal crash.  Fatal or severe injuries tends to dissipate the same amount of energy in the crash, the difference may be wearing a seat belt, having an air bag or an older vehicle.  Giving a high weight to fatal because of the extreme severity tends to weigh the fatal too heavy.  Mixing fatal and injury A crashes together makes a balanced approach and eliminates a dominance of fatal crashes that otherwise are rare events.  

Users may choose to take into account the impact energy within a crash.  The injury severity of the crash provides a good surrogate measure of impact energy. For instance, the energy of a fatal crash and severe injury crash are usually similar, it may depend more on the physical condition of the person as to how much injury is sustained.  The objective of the indicator is to reflect the relative severity or potential of a site.

Injury A, Injury B and PDOs have enough occurrence within the crash history and relatively little difference between weighting that they may easily be considered for separate weighting. Typically, injury B crashes have higher energies of impact than injury C and PDO crashes, which are essentially equivalent. 

Using the monetary worth of a crash severity is another option and is the primary basis for the SPIS defaults; injury B and C may be combined and PDO crashes separate.  Although fatal and injury A crashes are drastically different economically, combining the two makes sense as stated above and does not lend a dominance to fatal so that the system is “chasing” fatal crashes.  

There are many sources of various costs depending on various factors that are included, almost any variety and answer is available.  Based on the relative order of magnitude of the costs represented in SPIS, defaults are 100 times the cost of a PDO crash for fatal and injury A, 10 times the cost of a PDO crash for injury B and C, and a PDO crash is given the relative weight of 1. 

PDO crashes within the indicators also require some judgment since they are subject to more variability.  PDO crashes are suspected to be vastly under-reported. The elimination of PDO crashes and use of high severity crashes only can be useful, but also subject to more variability.  A site with a high number of PDO crashes may be explained by low speeds and low risk, but lack of injury crashes may not necessarily indicate the measure of the risk associated with the site.
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