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Foreword

In conventional traffic safety evaluations, the outcome measure is typically the frequency of
police-reported crashes, often with separate estimates for different severity levels. However,
some treatments may decrease some crash types but increase others. If these crash types are
characterized by different average injury severities, then comparing crash frequencies will not
provide the user with an accurate picture of treatment effectiveness. Such a scenario led to the
development of the crash cost estimates by crash geometry described in this report.

This paper presents estimates for the economic (human capital) and comprehensive costs per
crash for six KABCO groupings (used by police to classify injury) within 22 selected crash types
and within two speed limit categories (<=72 kilometers per hour (km/h) (<=45 miles per hour
(mi/h)) and >=80 km/h (>=50 mi/h)). The comprehensive costs include nonmonetary losses. To
produce these cost estimates, previously developed costs per victim keyed on the Abbreviated
Injury Scale (AIS) injury severity scale were merged into U.S. traffic crash data files that scored
injuries in both AIS and KABCO scales to produce per crash estimates. The detailed estimates of
this study make it possible to include crash severity comparisons in the analysis of different
types of crashes by attaching costs to them and to do so in 2001 dollars.

Michael Trentacoste, Director
Office of Safety Research and Development
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INTRODUCTION

In conventional traffic safety evaluations, the outcome measure is typically the frequency of
police-reported crashes, often with separate estimates for different severity levels. However,
some treatments may decrease some crash types but increase others. If these crash types are
characterized by different average injury severities, then comparing crash frequencies will not
provide the user with an accurate picture of treatment effectiveness. Such a scenario led to the
development of the crash cost estimates by crash geometry described in this report.

An example of this scenario can be found in an evaluation of red-light camera (RLC) programs
in seven jurisdictions nationwide funded by the Federal Highway Administration (FHWA)
Intelligent Transportation System Joint Program Office and the Office of Safety Research and
Development. RLC programs can be expected to decrease angle-type crashes, but to increase
rear-end crashes. The former is usually more severe than the latter. For that reason, the study not
only examined crash frequency by type, but also included crash severity in the analysis by
converting each crash to an economic cost, based on unit costs by police-reported crash severity.
Similar procedures would be appropriate in the evaluation of such roadside hardware as median
barriers, which would be expected to increase the number of less severe sideswipe and angle
crashes into the barrier while decreasing or eliminating the more severe head-on crashes into
vehicles in opposing lanes of traffic.

Although many past studies developed crash costs (Miller, et al. 1997; Zaloshnja, et al., 2004),
most studies provide estimates per person injured or vehicle damaged rather than the cost per
crash.®? Moreover, they often provide cost breakdowns by body region and within that by
injury severity measured on the Abbreviated Injury Scale (AIS). AlS is specified by trained
medical data coders, usually within a hospital context. It is not recorded on police crash reports,
making these cost estimates unusable in the majority of safety studies conducted.

Miller et al.®) successfully linked crash costs to police-reported crash profiles for a number of crash
scenarios by using data files that contained both AIS and police-reported KABCO' severity (National
Safety Council, 1990).®) That study provided aggregate costs, not unit cost, estimates by KABCO
severity and crash type. It was intended to aid vehicle design that minimized overall harm. Wang et al.
undertook a similar study, estimating unit costs by crash geometry and AlS for crashes that could be
averted by Intelligent VVehicle-Highway Systems (IVS) technologies.””

This study builds on the prior studies, providing current unit costs by crash type and severity.
Modifications of the previous work included:

e Providing the human capital (economic) cost estimates of hard dollar consequences and
comprehensive cost estimates that add the value of the nonmonetary losses to the economic costs
for six KABCO groupings within 22 critical crash types (e.g., pedestrian crash at signalized
intersection; multivehicle cross-path crash at unsignalized intersection) and within two speed limit
categories to account for possible differences in cost for a given KABCO level between crashes in
urban and rural locales.

! The KABCO severity scale (National Safety Council, 1990) is used by the investigating police officer on the scene to
classify injury severity for occupants with five categories: K, killed; A, disabling injury; B, evident injury; C, possible
injury; O, no apparent injury. These definitions may vary slightly for different police agencies.



e Giving estimates for six different combinations of KABCO severity (e.g., each KABCO level,
K+A versus B+C+O, all levels combined, etc.). These groupings facilitate use in studies where,
for example, the sample size of fatalities is so small as to be unstable, and thus where one or two
fatalities might bias the study results.

TARGET CRASH TYPES AND COST LEVELS

Based on the past work by Miller et al. the needs of the red-light camera evaluation effort, and
projected needs in future FHWA safety studies, the decision was made to estimate human capital and
comprehensive costs for each of 22 geometry categories.® (For a detailed listing of the crash
geometries and the definitions and names, see appendix A.)

As noted earlier, the goal of this crash-cost estimation process is to produce a cost for each
police-reported crash severity level (i.e., KABCO level) within each of the 22 crash geometries.
However, since KABCO levels are much broader than AIS levels, the cost of injury within any
KABCO level for a given crash geometry might differ depending on speed limit or urban/rural
location. For example, the severity and thus the cost of A-injury angle crashes at rural higher-
speed intersections may be greater than A-injury angle crashes at urban intersections. Given this
fact, it was desirable to categorize these 22 geometries further by speed limit and either urban or
rural location.

Unfortunately, examination of documentation for the databases to be used by Miller indicated no
urban/rural indicator in one of the critical files. However, speed limit variables were present.
Analyses using the Fatality Analysis Reporting System (FARS), National Accident Sampling
System (NASS), General Estimates System (GES), and Highway Safety Information System
(HSIS) data from two States were then conducted to compare crash-related speed limits to
various urban versus rural designations. There was significant overlap of limits within urban and
rural designations in all three files. Based on the distributions and on the need to have sufficient
samples sizes in all the subcategories, cost estimates were categorized by locations with speed
limits of 72 kilometers per hour (km/h) (45 miles per hour (mi/h)) and below versus 80 km/h (50
mi/h) and above.

A third issue concerned the levels of police-reported severity for which crash cost should be
estimated. Initially, the desire was to develop a human capital and comprehensive cost estimate
for each level of crash severity (i.e., each KABCO level) within each speed limit category within
each of the 22 crash geometries. In addition, since safety studies sometimes are based on limited
data samples in which there are very few fatalities or serious injuries, it was desirable to develop
costs when some of the KABCO levels are combined and costs where crash types are not
separated. Preliminary analysis of the databases used in the cost development indicated some
problems due to small samples within the most detailed cells. Based on the needs of the RLC
evaluation and the available sample sizes, the following levels of costs were ultimately
developed. In each case, “cost estimate” refers to an estimate of both human capital cost and of
comprehensive cost, and each geometry is always further subdivided by the two speed limit
categories, unless otherwise noted.

e Level 1 - For each of the 22 crash geometries (categorized by two speed limit categories as a
surrogate for urban/rural locales), estimates of cost were made for crash severity levels K, A,



B+C, and O. (Sample size issues in the cost databases made it impossible to develop
reasonable estimates of B versus C separately.) This analysis first was performed for each of
the two speed limit categories and then with all speed limits combined.

e Level 2—For each crash geometry, estimates of cost when K and A are combined into one
cost level and B and C are combined into one cost level—thus K+A, B+C, O. Again,
estimates were calculated with and without categorization by the two speed-limit categories.

e Level 3—This level was defined to allow for comparison of “injury” versus “noninjury”
crashes. Note that some crash forms (and some reporting officers) define a “C-injury” as a
“minor injury” while others define it as a “possible injury.” Thus, two definitions of Level 3
costs were used.

0 3.A—For each crash geometry (with and without speed limit categorization),
estimates of cost when all injuries are combined into one cost level separated from the
property damage only (PDO) cost level—thus K+A+B+C versus O.

0 3.B—For each (urban/rural) crash geometry (with and without speed limit
categorization), estimates of cost when K, A, and B injuries are combined into one
cost level separated from the C and PDO cost level—thus K+A+B versus C+O.

e Level 4—For each crash geometry (with and without speed limit categorization), estimates of
crash cost without regard to crash severity (i.e., no division by levels of severity).

e Level 5—For each level of crash severity (with and without speed limit categorization),
estimates of cost without regard to crash geometry.

e Level 6—Level 5 cost estimates, but with the following categories: K+A, K+A+B,
K+A+B+C, B+C, C+0.

In summary, the analyses were designed to produce both the human capital and comprehensive costs
of crashes with 22 crash types, with and without categorization, by two speed limit categories. Crash
severity levels within each crash type were defined to allow a variety of different levels of analysis for
future studies.

METHODOLOGY

Estimating crash costs requires estimates of the number of people involved in a given crash, the
severity of each person’s injuries, and the costs of those injuries, as well as associated vehicle damage
and travel delay. The following section describes the methodology used to estimate the incidence and
severity of crashes for selected geometries and speed limits. The succeeding section explains how the
costs of crashes were estimated.

Injury Incidence and Severity Estimation

To estimate injury incidence and severity, procedures developed by Miller and Blincoe (1994) and
Miller, Galbraith, et al. (1995) and applied in Blincoe, Seay, et al (2002) were followed. ®®" The

estimates of the average number of people involved in a crash-by-crash geometry, speed limit, and
police-reported severity come from National Highway Traffic Safety Administration’s (NHTSA()
GES and Crashworthiness Data System (CDS).

Crash databases do not accurately describe the severity of crashes. Accordingly, several adjustments,
described below, were made to more accurately reflect the severity of crashes.

First, GES provides a sample of U.S. crashes by police-reported severity for all crash types. GES
records injury severity by crash victim on the KABCO scale (National Safety Council, 1990) from



police crash reports. ® Police reports in almost every State use KABCO to classify crash victims as K-
killed, A-disabling injury, B-evident injury, C-possible injury, or O-no apparent injury. KABCO
ratings are coarse and inconsistently coded between States and over time. The codes are selected by
police officers without medical training, typically without benefit of a hands-on examination. Some
victims are transported from the scene before the police officer who completes the crash report even
arrives. Miller, Viner et al. (1991) and Blincoe and Faigin (1992) documented the great diversity in
KABCO coding across cases. ®¥ 0’Day (1993) more carefully quantified the great variability in use
of the A-injury code between States. % Viner and Conley (1994) explained the contribution to this
variability of differing State definitions of A-injury. ™ Miller, Whiting, et al. (1987) found police-
reported injury counts by KABCO severity systematically varied between States because of differing
State crash reporting thresholds (the rules governing which crashes should be reported to the
police).™ Miller and Blincoe (1994) found that State reporting thresholds often changed over time.®

Thus, police reports do not accurately describe injuries medically. To minimize the effects of
variability in severity definitions between States, reporting thresholds, and police perception of injury
severity, NHTSA national data sets were used that included both police-reported KABCO and
medical descriptions of injury in the Occupant Injury Coding system (OIC) (American Association of
Automotive Medicine (AAAM), 1990; AAAM, 1985).%319 OIC codes include AlS score and body
region and more detailed type injury descriptors that changed from the 1985 to the 1990 edition. Both
1999-2001 CDS (NHTSA, 2002) and 1982—1986 NASS (NHTSA, 1987) data were used. ©*® CDS
describes injuries to passenger vehicle occupants involved in tow-away crashes, but not in nontow-
away crashes. The 1982-1986 NASS data were used to fill this gap. While not recent, these data
provide the most recent medical description available of injuries to other non-CDS crash victims. The
NASS data were coded with the 1980 version of AIS, which differs slightly from the 1985 version;
but NHTSA made most AIS-85 changes well before their formal adoption. CDS data were coded in
AIS-85, then in AlS-90.

The 1999-2001 GES data were used to weight the NASS data so they represent the annual estimated
GES injury victim counts in non-CDS crashes. In applying these weights, the data was controlled by
crash type, police-reported injury severity, speed limit <=72 km/h (<=45 mi/h) and >=80 km/h (>= 50
mi/h), and restraint use. Weighting the NASS data to GES restraint use levels updates the NASS
injury profile to a profile reflecting contemporary belt usage levels. Sample size considerations drove
the decision to pool 3 years worth of data. At the completion of the weighting process, a hybrid
CDS/NASS file had been developed that included weights that summed to the estimated current
annual incidence by police-reported injury severity and other relevant factors.

Crash Cost Estimation

The second step required to estimate average crash costs was to generate estimates of crash costs by
severity, as described in this section. To estimate the average costs per crash by geometry, speed limit,
and police-reported crash severity, costs per injury by maximum AIS (MAIS), body part, and whether
the victim suffered a fracture/dislocation were adapted from the costs in Zaloshnja, Miller, et al.
(2002).®) These costs were merged onto the GES-weighted NASS/CDS file.

Comprehensive costs represent the present value, computed at a 4 percent discount rate, of all costs
over the victim’s expected life span that result from a crash. The following major categories of costs
were included in the calculation of comprehensive costs:

e Medically-related costs.
e Emergency services.



e Property damage.
e Lost productivity.
e Monetized Quality-Adjusted Life Years (QALYS).

Human capital costs excluded the last item. The following text provides an overview of the bases
for each of these cost components.

Medically-Related Costs

Medically related costs include ambulance, emergency medical, physician, hospital, rehabilitation,
prescription, and related treatment costs, as well as the ancillary costs of crutches, physical therapy,
etc. To estimate medical costs, nationally representative samples that use International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD9-CM) diagnosis codes to describe the injuries
of U.S. crash victims were used.” The samples were the 1996-1997 National Hospital Discharge
Survey (NHDS) for hospitalized victims and 1990-1996 National Health Interview Survey (NHIS)
for nonhospitalized victims. The analysis included the following steps, some of which are explained in
further detail below:

1. Assign a cause or probabilistic cause distribution for each NHDS and NHIS case.
2. Estimate the costs associated with each crash case in NHDS and NHIS.

3. Use ICDmap-85 software (Johns Hopkins University, Tri-Analytics, 1997) to assign 1985
OIC or code groups to each NHDS and NHIS case.

4. Collapse the code groups to achieve adequate case counts per cell by MAIS, body part, and
whether fracture/dislocation was involved.

Tabulate ICD-based costs by MAIS, diagnosis code grouping, and whether hospital admitted.

Estimate the percentage of hospital admitted cases by diagnosis group from 1996-1999 CDS
and apply it to collapse the cost estimates to eliminate hospital admission status as a stratifier
(necessary because current admission rates are unknown for crash victims in non-CDS strata).

7. Infer costs for diagnosis groups that appear in CDS crash data but not in the ICD-based file.

Cause of Injury Assignment:

NHIS explicitly identifies victims of road crashes and NHDS includes data fields where hospitals code
injury diagnoses or causes. When all seven fields are used, a cause code is rarely included. Typically,
diagnosis codes (which are linked to insurance reimbursement costs) are given priority over cause
codes. More than 70 percent of 1996-1997 NHDS cases with less than six diagnoses were cause-
coded by age group, sex, and diagnoses for these cases were representative of all injury admissions
with less than six diagnoses. For NHDS cases with six or seven diagnoses, causation probabilities by
age group, sex, and diagnosis were inferred using data for cases with at least six diagnoses in cause-
coded State hospital discharge censuses that had previously been pooled from California, Maryland,
Missouri, New York, and Vermont (Lawrence et al., 2000).“®) As a partial check, the resulting firearm
injury estimate was compared with a published national surveillance estimate (Annest et al., 1995).%%
The two estimates were less than 5 percent apart.



Estimation of Medical Costs Associated with Each Crash Case in NHDS and NHIS:

Except for added tailoring to differentiate the costs of child from adult injury and estimating fatality
costs, the methods used were the same as those employed in building the U.S. Consumer Product
Safety Commission’s (CPSC) injury cost model. These methods are summarized below and
documented in detail in Zaloshnja, Miller, et al (2002), Lawrence et al. (2000), Miller et al. (1998),
and Miller, Romano, and Spicer (2000). (See references 2, 18, 20 and 21.)

Although the methods for estimating the costs and consequences associated with each case differed
for fatally injured persons, survivors admitted to the hospital, and survivors treated elsewhere, in each
case, costs of initial treatment were extracted from nationally representative or statewide data sets. For
survivors, diagnosis, aggregate medical followup, rehabilitation, and long-term costs computed from
national data on the percentage of medical costs associated with initial treatment were added. Due to
data unavailability, these percentages were less current than the costs for initial treatment.

For hospitalized survivors, medical costs were computed in stages. Maryland and New York were the
only States that regulated and tracked the detailed relationships between charges, payments, and actual
costs of hospital care in recent years. Moreover, because U.S. health care payers negotiate widely
varying, sometimes large discounts from providers, hospital charges bear little relationship to actual
hospital costs. Computations were by diagnosis group. Using average cost per day of hospital stay by
State as an adjuster (Bureau of the Census, 1999, Table 189), diagnosis-specific hospital costs per day
from Maryland in 1994-1995 and New York in 1994 (the last year of that State's cost control) were
price-adjusted to national estimates.®® The costs per day were multiplied by diagnosis times
corresponding NHDS lengths of hospital stay. Physician costs estimated from Civilian Health and
Medical Program of the Uniformed Services (CHAMPUS) data for 1992-1994 were added to the
hospital costs.®® Costs after hospital discharge were computed from the most recent nationally
representative sources available, the “1987 National Medical Expenditure Survey (NMES)” and
National Council on Compensation Insurance (NCCI) data for 1979-1987.%“%) Both CHAMPUS and
NCCI data report only primary diagnoses at the three-digit ICD level or broader, so mapping was
imperfect, especially for brain injury. The NCCI data describe occupational injury; however,
following Rice et al. (1989), Miller (1993), and Miller et al. (1995), we assumed the time track of
medical care by diagnosis is independent of injury cause. %% Where the victim was discharged to a
nursing home, following Lawrence et al. (2000),"® nursing home lengths of stay were estimated at 2
years for burn victims and 10 years for other catastrophic injuries, at a cost double the cost of an
intermediate care facility. Costs per visit for other nonfatal injuries came from CHAMPUS.

Past studies (e.g., Rice et al., 1989; Miller, 1993; and Miller et al., 1995) estimated lifetime medical
spending due to a child’s injury from the all-age average acute care spending shortly after the injury
and the longer term recovery pattern of adults or victims of all ages.“**"?® In this study, the
hospitalization cost estimates are age-specific. Using longitudinal 1987-1989 health care claims data
from Medstat MarketScan® Databases, diagnosis-specific factors were estimated to adjust all-age and
adult estimates of followup and longer-term care to child-specific treatment patterns.®” The
percentage of medical costs in the first 6 months that resulted from the initial medical visit or
hospitalization did not vary with age. After that, children were more resilient; the percentage of their
total treatment costs incurred in the first 6 months often was higher, especially for brain injuries. These
conclusions were derived from analysis of a random sample of 15,526 episodes of childhood injury
and 40,624 episodes of nonoccupational adult injury to victims covered by private health insurance.
For each episode, the claims data covered a range of 13—-36 months and an average of 24 months after



injury. Because it was decided that the diagnostic detail preserved should be maximized, sample size
considerations dictated bringing costs forward onto CDS files that represented averages across victims
of all ages.

For spinal cord injuries (SCI) and burns, medical costs were not estimated from NHDS and NHIS
files because of the limited number of these cases in the files. In addition, long-term SCI costs are not
captured in the NHDS and NHIS data. Information from a special study (Berkowitz et al., 1993) was
used to estimate first year and annual medical costs for SCI.®? Costs were estimated by applying the
age and gender distribution of SCI victims in the CDS 1993-19909 to a lifetime estimating model with
1997 life expectancy tables adjusted for spinal cord injury mortality rates from Berkowitz et al.
(1993).€9 Highway crash-specific costs for burns were adapted from Miller, Brigham, and Cohen et
al. (1993), using its regression equations.®"

Mapping ICD Codes into OIC Codes:

ICD-based injury descriptors were mapped to AlS-85 and body part to make the ICD data compatible
with CDS and NASS descriptors. AlS-85 was mapped using the ICDmap-85. This map lists AlS by
each ICD code up to the five-digit level of detail. For NHIS, which uses almost exclusively three-digit
ICDs (85.5 percent of the data set), the lowest AIS within that three-digit group was selected.

Body part was mapped to AIS from previously collapsed ICD groupings (Miller et al., 1995) and
fracture or dislocation was identified with the 1ICD codes.®® The ICD/AIS mapping was developed by
consensus and contains many assumptions related to the assignment of AlS codes to ICD rubrics
(Miller et al. 1995).“®) For multiple-injury NHDS cases, the body part of the maximum AIS injury
was assigned. In case of a tie in AlS, the body part defined by the principal diagnosis in discharge
records was used. NHIS reports only principal diagnoses.

Inferring Costs for Categories that Appear in CDS Data, but not in the ICD-Based File:

Six percent of the AlS/body part/fracture diagnosis categories that appear in CDS crash data did not
appear in the ICD-based files. Costs for these categories were assigned as follows: (1) mean costs
were estimated for each AIS, (2) based on these averages, incremental cost ratios from one preferably
lower AIS to another were estimated. Lower AIS was preferred because it offered larger case counts.
Finally, (3) costs for empty ICD-based cells were assigned by multiplying costs from adjacent cells by
this ratio. For instance, if the mean medical costs for AIS-2 and AlS-3 were $500 and $1,000,
respectively, then the incremental ratio for AIS-2 to AlS-3 was set to: 1,000/500 = 2. Then, the cost
for an empty AIS-3 cell was estimated by multiplying the body part/fracture-specific cost for AlS-2
times the ratio. For body parts with no cost estimates available for any AlS, a general average cost for
the appropriate AlS was assigned.

Emergency Services Costs

This cost category includes police and fire services. Fire and police costs were computed from
assumed response patterns by crash severity and vehicle involvement, constrained by data on total
responses. For fatal, injury, and PDO crashes, time spent per police cruiser responding came from ten
jurisdictions with automated police time-tracking systems. A single officer was assumed to have
responded to a PDO crash and one officer per injury to other crashes. Time spent per fire truck
responding came from nine large fire departments. It was assumed that the fire personnel would
respond to the following:

e Ninety percent of fatal and severe injury crashes and 95 percent of critical injury crashes.



e Forty percent of crashes involving injury.
e Twenty-five percent of police-reported crashes involving only property damage.

Property Damage Cost

This includes the cost to repair or replace damaged vehicles, cargo, and other property, including the
costs of damage compensation. Property damage costs are from Blincoe, Seay, et al (2002).©)

Lost Productivity Cost

Lost productivity costs include wages, benefits, and household work lost by the injured, as well as the
costs of processing productivity loss compensation claims. It also includes productivity loss by those
stuck in crash-related traffic jams and by coworkers and supervisors investigating crashes, recruiting
and training replacements for disabled workers, and repairing damaged company vehicles. Excluded
are earnings lost by family and friends caring for the injured and the value of schoolwork lost. The
productivity loss resulting from traffic delay is part of the total productivity lost.

Future work-loss costs were estimated using methods that parallel the Consumer Product Safety
Council (CPSC) Injury Cost Model. These methods are summarized below and documented in detail
in Zaloshnja, Miller, et al. (2002); Blincoe, Seay, et al (2002); Lawrence et al. (2000); Miller et al.
(1998); Miller, Romano, and Spicer (2000). (See references 2, 7, 18, 20, and 21)

For nonfatal injuries, the work loss cost is the sum of the lifetime loss due to permanent disability
(averaged across permanently disabling and nondisabling cases) plus the loss due to temporary
disability. Lifetime wage and household work losses due to a death or permanent total disability were
computed and then discounted to present value with the standard age-earnings model described in
Rice et al. (1989) and in Miller et al. (1998).%*% The inputs to this model were for 1997—2000. They
include, by age group and sex, survival probabilities from National Vital Statistics Reports (1999);
weighted estimates of annual earnings tabulated from the 2001 Current Population Survey, a
nationa(ls!%; representative sample; and the value of household work performed from Expectancy Data
(1999).

For survivors, NCCI probabilities that an occupational injury will result in permanent partial or total
disability and the NCCI percentage of earning power lost to partial disability were applied to compute
both the number of permanently disabled victims and the percentage of lifetime work lost. These data
are listed by diagnosis group and whether injuries resulted in hospitalization. The ICD maps were
used to assign 1985 and 1990 OIC injury codes or code groups to each category.

Diagnosis-specific probabilities of injuries to employed people causing wage work loss came from
CDS 1993-1999. The days of work loss per person losing work were estimated from the 1999 Survey
of Occupational Injury and Iliness of the U.S. Bureau of Labor Statistics. This survey contains
employer reports of work losses for more than 600,000 workplace injuries coded in a system akin to
the OIC but with less diagnostic detail. According to a survey of 10,000 households, injured people
lose housework on 90 percent of the days they lose wage work (S. Marquis, 1992).%% Thus, it was
possible to compute the days of household work lost from the days of wage work lost. Household
work was valued based on the cost of hiring people to perform household tasks (e.g., cooking,
cleanin%;, and yard work) and the hours typically devoted to each task from Expectancy Data

(1999). %) Lost productivity for repairing vehicles involved in crashes was updated from Miller et al.
(1991) and included in the lost household productivity.®



For temporary disability, it was assumed that an adult caregiver would lose the same number of days
of wage work or housework because of a child's temporarily disabling injury as an adult would lose
when suffering the same injury. Since the adult with the lowest salary often stays home as the
caregiver, caregiver wages were estimated as the mean hourly earnings for nonsupervisory employees
in private nonagricultural industries. These assumptions may provide a small overestimate because the
caregiver may be able to do some work at home. Conversely, the analysis may underestimate the
losses because it ignored the work loss of other individuals who visit a hospitalized child or rush to the
child's bedside shortly after an injury and any temporary wage work or household work loss by
adolescents.

Legal and insurance administration costs per crash victim were derived from the medical and work
loss costs, using models developed by Miller (1997).%)° Legal costs include the legal fees and court
costs associated with civil litigation resulting from motor vehicle crashes. In estimating these costs, the
probability of losing work, the percentage of victims who filed claims, the percentage of claimants
who hired an attorney, estimated plaintiff’s attorney fees, and the ratio of legal costs over plaintiff’s
attorney fees was taken into consideration. Insurance administration costs include the administrative
costs associated with processing insurance claims resulting from motor vehicle crashes and defense
attorney fees. In estimating these costs, medical expense claims, liability claims, disability insurance,
Worker’s Compensation, welfare payments, sick leave, property damage, and life insurance were
estimated.

Following Blincoe, Seay, et al (2002) and Zaloshnja, Miller et al. (2002), travel delay was computed
with three refinements."? First, using a newer and broader survey of five police departments, the
hours-of-delay ratio was updated to 49:86:233 for the delays due to PDO, injury, and fatal crashes,
respectively. Second, to extract delay per person from delay per crash, data on the average number of
people killed or injured in a crash were used. Finally, it was conservatively assumed that only police-
reported crashes delay traffic, based on the premise that any substantial impact on traffic would attract
the attention of the police.

Monetized Quality-Adjusted Life Years (QALYS)

Monetary losses associated with medical care, other resources used, and lost work do not fully capture
the burden of injuries. Injuries also cost victims and families by reducing their quality of life. The
good health lost when someone suffers an injury or dies can be accounted for by estimating QALY's
lost. A QALY is a health outcome measure that assigns a value of one to a year of perfect health and
zero to death (Gold et al., 1996).%® QALY loss is determined by the duration and severity of the
health problem. To compute it, this analysis followed Miller et al. (1993) and used diagnosis and age-
group specific estimates from Miller et al. (1995) of the fraction of perfect health lost during each year
that a victim is recovering from a health problem or living with a residual disability.*® Such an
impairment fraction was estimated by body part, AlS-85, and fracture/dislocation. The resulting
estimates in AIS-85 were applied to NHDS and NHIS cases, and the respective AlS90 estimates were
computed from the diagnosis specific AIS90 ratings. The monetary value of a QALY ($91,752) was
derived by dividing the value of statistical life by the number of years in the person’s life span. The
value of statistical life used in this study came from a systematic review found in Miller (1990) and
lies midway the values in two recent meta-analyses (Miller, 2000; Mrozek and Taylor, 2002).(63739)
As with the other components of cost, QALY losses in future years are discounted to present value at
a 3 percent discount rate (Gold et al., 1996; Cropper et al, 1991; Viscusi and Moore, 1989).5%40)



Crash Cost Variance Estimation:

In addition to estimates of average human capital and comprehensive crash cost for the different crash
types and police-reported severity levels, this analysis also attempted to produce an estimate of the
standard deviation and the 95 percent confidence intervals for each average cost. Here, the procedure
"svymean" in the software STATA® 7 is designed specifically to estimate standard errors and
confidence intervals for complex survey data. It takes into account the stratification (strata) and
clustering (Primary Sampling Units (PSUs)) used in the survey.

It was not possible to measure the variance of unit cost elements like medical costs, property damage,
emergency service, travel delay, insurance administration, etc. Therefore standard errors represent the
variance in crash costs caused by differences in the number of people involved in crashes of the same
type, the severity of injuries suffered (as described by AIS, body part, and fracture status of the injury),
and the age and sex of the victims (very important for the magnitude of lost productivity and QALY?S).

RESULTS

The results of the analyses are included in tables found in appendix A. They are organized into the
following six categories or levels:

e Level 1—For each of the 22 crash geometries, estimates of cost for crash severity levels K,
A, B+C, and O. (Sample size issues in the cost databases made it impossible to develop
reasonable estimates of B versus C separately.) These are first presented categorized by the
two speed limit categories (<=72 km/h (<=45 mi/h) and >=80 km/h (>=50 mi/h)), and then
with all speed limits combined.

e Level 2—For each crash geometry, estimates of cost when K and A are combined into one
cost level and B and C are combined into one cost level—thus K+A, B+C, O. Again,
estimates were calculated with and without categorization by the two speed limit categories.

e Level 3—This level was defined to allow for comparison of “injury” versus “noninjury”
crashes. Note that some crash forms (and some reporting officers) define a “C-injury” as a
“minor injury” while others define it as a “possible injury.” Thus, two definitions of Level 3
costs were used.

0 3.A—For each crash geometry (with and without speed limit categorization),
estimates of cost when all injuries are combined into one cost level separated from the
PDO cost level—thus K+A+B+C versus O.

o0 3.B—For each crash geometry (with and without speed limit categorization),
estimates of cost when K, A, and B injuries are combined into one cost level
separated from the C and PDO cost level—thus K+A+B versus C+0.

e Level 4—For each crash geometry (with and without speed limit categorization), estimates of
crash cost without regard to crash severity (i.e., no division by levels of severity).

e Level 5—For each level of crash severity (with and without speed limit categorization),
estimates of cost without regard to crash geometry.

e Level 6—Level 5 cost estimates, but with the following categories—K+A, K+A+B,
K+A+B+C, B+C, C+0.

At each level, in addition to estimates for individual KABCO levels and combinations, crash cost
estimates are also included for two additional categories—*“Injured, severity unknown (sev unk),”
which means there was at least one injury in the crash, but the severity was not recorded in the police
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files, and “Unknown severity,” which means no injury severities were provided on the police report.
These cost categories are not expected to be used very often, but they are included for completeness.

The output is presented in tabular form in appendix A. The title of each tables provides the number of
the Level (e.g., “Level 1...”) and a designation of whether the estimates are categorized by speed limit
(e.g., “Level 1 by speed limit”) or not (e.g., “Level 1 without speed limit”). An example of the top
portion of the “Level 2 by speed limit” output is shown in table 1 below. The first column, which is a
crash geometry number, and the columns labeled “Maximum Injsev Code” are included to assist the
user in later sorts of the data. The remaining columns headings are self-explanatory.

In the more detailed levels such as Levels 1 and 2, one finding that appears somewhat counter-
intuitive is that the cost estimates for the same crash injury level within the same crash type are
sometimes greater for the lower speed limits. For example, in the table below, the human capital and
comprehensive cost estimates for a K+A injury crash at the lower speed limit (row three) is greater
than for the comparable crash at the higher speed limit in row eight (i.e., $576,985 versus $425,414 for
mean comprehensive costs). This resulted from the fact that the cost for the A-injury crash at the lower
speed limit was greater than the cost for the A-injury crash at the higher speed limit. Examination of
the base data indicated that this may be a function of the fact that lower speed limits are generally in
urban areas, where there may be more occupants (and younger occupants) in the involved vehicles (or
more or younger pedestrians in the same crash). It is noted, however, that this pattern does not hold for
all crash types even at the lower levels. This means that there are other unknown factors at work in the
database used in the cost development. The user will note that this counter-intuitive finding can be
overcome by using costs with combined speed limits, or using higher-level cost (e.g., Level 3
estimates include fewer of these counter-intuitive findings than Level 2 estimates, which have less
than in Level 1).

Small Samples and Outliers

Note that some of the rows in the table are coded S, I, and N. All three codes are included as “flags” to
the user that these estimates are felt to be less accurate than estimates in other rows. The S-coded rows
indicate estimates that were derived from small sample sizes. For example, the second S-coded row in
the table (i.e., the sixth row of data in the table) indicates that there were only five observations (i.e.,
crashes in the CDS files used) where a no-injury pedestrian crash occurred at an intersection with a
speed limit of 80 km/h (50 mi/h) or greater. A decision was made to flag fatal crash cost estimates
where less than five observations were present, and to flag estimates in all other injury levels where
less than 10 observations were present. In these rows, only the mean crash cost estimates are included.
The standard deviations and confidence intervals are omitted from the output since these are felt to be
virtually meaningless given the small sample sizes. Suggestions to the user for dealing with these
questionable estimates are included in the next section.

The I-coded rows indicate what are felt to be “illogical values” or “outliers” in the data—cells with
ample sample sizes, but where the cost for a given injury level is an outlier when compared with either
other costs within the same crash type (e.g., a B+C cost that is greater than an A-injury cost for a
given crash type), or when compared to costs of different crash types at the same injury level (e.g., a
no-injury cost that is much greater than all other no-injury costs). These illogical estimates were
identified by looking at patterns of costs in similar severity levels or crash types. For example, the first
I-coded row in table 1 (i.e., the tenth row of data in the table) indicates a very high cost per crash when
compared to other no-injury level pedestrian crashes and other no-injury level crashes in general.
Additional examination of the cost-development data indicated that some of these outliers might be
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due to erroneous coding by the police officer (e.g., in one case, a “no-injury” pedestrian crash was
found to have two rather severe injuries.) Since it was not possible to examine each illogical finding
in detail, they were flagged for the user’s benefit. Again, suggestions for dealing with these are found
in the next section.

In addition, there are crash types in the NASS data used to develop these estimates where no fatal
crashes were present. For example, if the comparable “Level 1 by speed limit” table had been
presented here, the user would note the absence of a crash cost estimate for fatal crashes within the
Type 3, single-vehicle animal crashes. No such fatal crash existed in the NASS data used to develop
these estimates. As a result, the estimate for “K+A” crashes in the final row of table 1 below does not
have a fatal crash cost component and is less accurate than similar combined costs where both K and
A crashes existed in the NASS data. All combined estimates (e.g., K+A, K+A+B, K+A+B+C) with
no fatal component are coded N in the tables.
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Table 1. Example output for Level 2 crash cost estimates categorized by speed limits.

Mean Mean
Speed limit Maximum Maximum human capital  Standard [95% Confidence comprehensive  Standard [95% Confidence
Code  Crash geometry (mi/h) injsevincrash injsevcode Observ  cost per crash Error Interval] cost per crash Error Interval]
1 sv,ped,int <=45 No injury 0 31 $ 8512 997 6,537 10,486 % 10,249 1,408 7,461 13,036
1 sv,ped,int <=45 BorC 15 515 $ 33,369 4,561 24,340 42398  $ 60,333 9,021 42,474 78,192
1  sv,ped,int <=45 KorA 35 401 $ 235,729 17,317 201,444 270,013 $ 576,985 53,159 471,743 682,227
1 sv,ped,int <=45 Injured, sev unk 5 53 $ 67,342 22,127 23,536 111,149 $ 129,418 42,249 45,774 213,061
S 1 sv,ped,int <=45 Unknown 9 4 $ 14,386 — — — $ 22,841 — — —
S 1 sv,ped,int >=50 No injury 0 5 $ 3672 — — — $ 4,015 — — —
1 sv,ped,int >=50 BorC 1.5 35 $ 54,605 32,590 — 119,126 $ 101,712 61,756 — 223,975
1 sv,ped,int >=50 KorA 3.5 17 $ 182,970 52,554 78,925 287,014 $ 425,414 161,107 106,460 744,369
S 1 sv,ped,int >=50 Injured, sev unk 5 2 $ 61,573 — 61,573 61,573 $ 146,281 — — —
| 2 sv, ped,n-int <=45 No injury 0 33 $ 28,370 18,026 — 64,059 $ 40,428 27,351 — 94,577
2 sv, ped,n-int <=45 BorC 15 721 $ 38,674 3,258 32,225 45123  $ 70,188 7,021 56,288 84,087
2 sv, ped,n-int <=45 KorA 35 733 $ 322,119 21,628 279,301 364,937 $ 918824 71,514 777,243 1,060,406
2 sv, ped,n-int <=45 Injured, sev unk 5 59 $ 26,089 8,056 10,139 42,039 $ 42,107 14,891 12,627 71,587
2 sv, ped,n-int <=45 Unknown 9 25 $ 24,427 8,511 7,578 41,276 $ 35,189 10,607 14,190 56,189
2 sv, ped,n-int >=50 No injury 0 18 $ 2,797 145 2,509 3,085 $ 2,831 175 2,484 3,178
2 sv, ped,n-int >=50 BorC 15 54 $ 31,103 8,151 14,967 47,240 $ 54,703 16,739 21,563 87,843
2 sv, ped,n-int >=50 KorA 35 121 $ 465,397 60,737 345,152 585,643 $ 1,389,804 214,297 965,546 1,814,062
S 2 sv, ped,n-int >=50 Injured, sev unk 5 3 $ 36,790 — — — $ 65,026 — — —
S 2 sv, ped,n-int >=50 Unknown 9 2 $ 12,423 — — — $ 18,224 — — —
3 sv,animal <=45 No injury 0 10 $ 2617 — 2,617 2,617 $ 2,617 — 2,617 2,617
S 3 sv,animal <=45 BorC 15 3 $ 37,280 — — — $ 89,287 — — —
S 3 sv,animal <=45 KorA 35 3 $ 67,137 — — — $ 96,055 — — —
3 sv,animal >=50 No injury 0 61 $ 4,904 2,047 852 8956 $ 5,619 2,661 351 10,887
3 sv,animal >=50 BorC 15 18 $ 14,246 3,482 7,353 21,139 $ 22,916 7,663 7,745 38,087
N 3 sv,animal >=50 KorA 35 20 $ 76,781 20,958 35,288 118,273 $ 165,302 40,911 84,308 246,296
45 mith=72km/h 50 mi/h =80 km/h
Code S = Derived from small sample. Sv, ped, int = Single-vehicle pedestrian crash at an Injsev. = Injury severity
intersection
Code | = lllogical values or outliers in Sv, ped, n-int = Single-vehicle pedestrian crash, Observ. =  Observations
data. nonintersection location
Code N =  Combined estimate with no fatal Sv, animal = Single-vehicle crash with animal — = Sample size too small to calculate or the

component.

lower bound of the confidence interval was
below zero.




While these flagged estimates do exist, in general, most estimates are felt to be stable and usable in
analysis. Many of the small sample estimates are for “unknown severity” conditions, where the
officer either failed to code the injury level or simple coded it as “injured” without a specific level
provided. As noted earlier, these categories are not likely to be used very often in subsequent
analyses.

Suggestions for Handling Flagged Estimates

There are at least four alternative “corrections” a user could consider when a pertinent cost estimate is
flagged for sample size or as an outlier or questionable combined-severity estimate.

1. Use the small sample estimate as is. There may be cases where, even though a given estimate is
flagged as having a small sample size, the estimate may appear sound. This decision can be based
on study of costs within the same crash type or similar crash types. For example, while the sixth-
row comprehensive-cost estimate of $4,015 for a no-injury intersection-related pedestrian crash
with a speed limit of 80 km/h (50 mi/h) or greater is only based on five observations and is coded
red, it is not greatly different from the comprehensive-cost estimate of $2,831 for the same type
crash in a nonintersection location shown in the fifteenth row of the table. If so, the user might
then decide that the first estimate is suitable for use.

2. Substitute an estimate from a similar category. Using the same example as above, the user might
decide that the estimate the no-injury nonintersection pedestrian crash with a speed limit of 80
km/h (50 mi/h) or greater could be substituted for the small sample estimate for the comparable
intersection-related crash.

3. Use the “‘combined speed limit”” estimate from the same level. If using crash costs at a level where
speed limit categories are important, a flagged crash cost and its companion cost (i.e., same crash
type but at the other speed limit) can be replaced with the same estimate where speed limits are
combined. For example, both the first and sixth-row speed limit based estimates for no-injury
intersection-related pedestrian crashes could be replace with the estimate for the same crash type
where speed limits are combined (e.g., $5,432 in this case—not shown in this table, but found in
the appendix A, table 2 entitled “Level 1 without speed limit”).

4. Use the ““next-level’ cost estimate. If the user is trying to use the combined speed limit costs or
feels that substituting for cost is not preferable, the user could decide to use the next higher level
cost in all analyses (e.g., moving from a Level 1 to a Level 2 or Level 3 cost), since the higher
levels will have larger sample sizes and fewer outliers.

Finally, it might appear that a fifth option would be for researchers to develop a customized cost
specific analysis using a weighted combination of estimates provided. This should not be done. To
combine different estimates (e.g., combine a K estimate and an A estimate into a K+A estimate), it is
necessary to weight the individual estimates by the national estimates of the number of applicable
crashes in each cell. The sample sizes provided in the output under “Observ” represent the number of
raw cases in the NASS files used to develop the estimate provided. (See appendix A.) They do not
represent the extrapolation of this raw frequency into a national estimate. (Pacific Institute for
Research and Evaluation (PIRE) used the extrapolated national estimates in developing the combined
estimates in the appendix tables.)
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GUIDANCE ON THE USE OF CRASH COST ESTIMATES

The preceding two sections provided a discussion of possible issues with the cost estimates developed
and guidance related to how some of these issues might be overcome. This section provides some
limited general guidance on the use of crash cost estimates in safety studies.

Comprehensive versus Human Capital (Economic) Cost Estimates

As noted earlier, both comprehensive and human capital cost estimates are provided in the
accompanying tables. Comprehensive cost estimates include not only the monetary losses associated
with medical care, other resources used, and lost work, but also nonmonetary costs related to the
reduction in the quality of life. Since human capital costs do not capture the full burden of injury,
comprehensive costs are generally used in analyses related to not only safety issues, but also other
public health issues (e.qg., effects of the environment on health) and by other nontransportation federal
and State agencies. Thus, it is recommended that the comprehensive cost estimates provided in the
tables be used.

Choice of Cost “Level”

By developing six different levels of crash-cost estimates, this study has provided future users with a
significant amount of flexibility in what crash-cost estimates to use in a given study. As described
above, a component of the decision concerning which level of estimate to use will be the stability of
the cost estimates for the crash types being studies—whether or not there are a large number of
“flagged” estimates.

However, the most important determinate of the cost level to be used is the size of the crash data
samples under study, more specifically, the number of fatal and serious-injury crashes available for
study. If the analysis involves a national sample of data (e.g., an analysis using multiple years of
FARS or GES data), then it may be possible to use the more detailed crash-cost estimates where each
fatal crash is assigned a cost (i.e., Level lestimates). However, in most safety studies, the number of
fatal crashes in a given analysis “cell” (e.g., a specific type of crash at signalized intersections) is
limited, and often the presence of one of two additional fatal crashes can greatly inflate the cost for the
entire cell and disproportionately affect the economic results of the study. Hall (1998) noted in crash-
cost research conducted for New Mexico that not only are such fatalities somewhat “random” in any
crash sample, but that the main factors determining whether an injury is a fatality rather than a severe
injury are not very likely to be affected by roadway-related treatments.“*) They are more likely to be
related to occupant age, restraint use, type and size of vehicles involved, etc. He therefore argues that
such small numbers of fatalities should not be allowed to affect decisions on roadway-based
treatments such as those often of interest to FHWA.

In summary, the decision concerning which level of cost estimate to use in a given study will have to
be made by the researcher after review based on the nature of the data—specifically the number of
fatal crashes in the data set—and the stability of the comprehensive cost estimates provided for the
types of crashes under study. Generally, researchers should use the highest (least detailed) cost level
possible that can still provide information on the study question of interest. For example, the research
information needed may require that specific crash types be analyzed, but may not require
categorization by speed limit. Other studies may not require categorization by crash type, and
available sample sizes of fatal crashes may allow the use of crash-cost for each KABCO severity level
(i.e., as in Level 5 estimates).
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Modifying Crash Cost Estimates for Specific Years

The cost estimates developed in this study use 2001 dollars. If human capital crash costs are required
for another year, the recommended adjustment procedure is to multiply the human capital costs
provided in the tables by a ratio of the Consumer Price Index (CP1)—all items (CPI) for the year
of interest divided by the CPI for 2001.“? If comprehensive crash costs are required for another
year, a two-step process is recommended. First, the human capital portion of each unit cost is
adjusted as described above. Then, the difference between the comprehensive cost and the
human capital cost for a given unit crash cost should be multiplied by a ratio similar to that for
human capital costs. However, instead of using the CPI, one should use the Employment Cost
Index, not seasonally adjusted, total compensation, total private industry. “® Adding the two
components yields updated comprehensive costs. This procedure should provide adequate cost
estimates for roughly 5 years or until the next major DOT update of unit crash cost data and
methods.
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APPENDIX A: CRASH TYPES AND COST LEVELS TABLES

Based on the past work by Miller et al., the needs of the red-light camera evaluation effort, and
projected needs in future FHWA safety studies, the decision was made to estimate human capital and
comprehensive costs for each of the following 22 geometry categories.“*® The geometry names used
in the output tables are shown in parentheses.
Single-vehicle struck human, at intersection (sv, ped, int).
Single-vehicle struck human, not at intersection (sv, ped, n-int).
Single-vehicle struck animal (sv, animal).
Single-vehicle struck object (sv, object).
Single-vehicle struck parked vehicle (sv, prkveh).
Single-vehicle rolled over (sv, rollover).
Multiple vehicles cross paths at signal (mcp, sig).
Multiple vehicles cross paths at sign (mcp, sign).
Multiple vehicles cross paths no signage (mcp, nosgn).
. Multiple vehicles cross paths unspecified (mcp, unk).
. Multiple vehicles rear-end at all locations (re-all locations).
. Multiple vehicles rear-end at intersection with no/unknown signage (re-unk int).
. Multiple vehicles rear-end at signed intersection (re-signed int).
. Multiple vehicles, rear-end at signalized intersection (re-signl int).
. Multiple vehicles rear-end, no intersection (re-no int).
. Multiple vehicles sideswipe (ss).
. Multiple vehicles, opposite direction not at intersection (ho, n-int).
. Multiple vehicles, opposite direction at signalized intersection (ho, sig).
. Multiple vehicles, opposite direction at signed intersection (ho, sign).
. Multiple vehicles, opposite direction no/unknown signage (ho, unksgn).
. Multiple vehicles backing (backing).
22. Undefined crash type (undefined).
In the original analyses, multiple vehicle, cross-path categories 7, 8, and 9 above were further

categorized by turning maneuver—*“both vehicles straight,” “one turn right,” “one turn left,” or
“unknown direction.” These were later combined into the larger categories due to sample size.

© o N O~ DR

N S N S el = T el o
B O © W ~NO U WDNRP O

77 Lk

Note that some of the rows in the table are coded ‘S’, ‘I’, or ‘N’ under the code column. All three
codes are included as “flags” to the user that these estimates are felt to be less accurate than estimates
in other rows.

The ‘S’ coded rows indicate estimates that were derived from small sample sizes. The ‘I’ coded rows
indicate what are felt to be “illogical values” or “outliers” in the data—cells with ample sample sizes,
but where the cost for a given injury level is an outlier when compared with either other costs within
the same crash type (e.g., a B+C cost that is greater than an A-injury cost for a given crash type), or
when compared to costs of different crash types at the same injury level (e.g., a no-injury cost that is
much greater than all other no-injury costs). These illogical estimates were identified by looking at
patterns of costs in similar severity levels or crash types. Since it was not possible to examine each
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illogical finding in detail, they were flagged for the user’s benefit. Again, suggestions for dealing with
these are found in the next section.

In addition, there are crash types in the NASS data used to develop these estimates where no fatal
crashes were present. For example, if the comparable “Level 1 w SL” table had been presented here,
the user would note the absence of a crash cost estimate for fatal crashes within the Type 3, single-
vehicle animal crashes. No such fatal crash existed in the NASS data used to develop these estimates.
All combined estimates (e.g., K+A, K+A+B, K+A+B+C) with no fatal component are coded ‘N’ in

the tables.

18



67

Table 2. Level 1 by speed limits

Mean
Speed Maximum human Mean
Crash limit Maximum injsev capital cost comprehensive
Code geometry (mi/h)  injsev in crash code Observ per crash Std. Err. [95% Conf. Interval] cost per crash Std. Err. [95% Conf. Interval]
1 sv, ped, int <=45 No injury 0 31 % 8,512 997 6,537 10,486  $ 10,249 1,408 7,461 13,036
S 1 sv,ped, int >=50 No injury 0 5 $ 3,672 — — — $ 4,015 — — —
1 s, ped, int <=45 BorC 15 515 $ 33,369 4,561 24,340 42398 $ 60,333 9,021 42,474 78,192
1 s, ped, int >=50 BorC 15 3B % 54,605 32,590 — 119,126  $ 101,712 61,756 — 223,975
1 sv, ped, int <=45 A 3 354 $ 163,157 15,153 133,157 193,157 % 316,380 33,532 249,994 382,766
1 sv,ped, int >=50 A 3 12 $ 116,545 26,407 64,265 168,824 % 189,805 36,182 118,174 261,436
1 sv,ped, int <=45 K 4 47 $ 975,643 30,468 915,323 1,035963 $ 3,234,016 114,015 3,008,294 3,459,737
1 sv, ped, int >=50 K 4 5 $ 1,022,983 1,695 1,019,626 1,026,340 $ 3,404,944 2,819 3,399,363 3,410,526
1 sv,ped,int <=45 Injured, sev unk 5 53 % 67,342 22,127 23,536 111,149 $ 129,418 42,249 45,774 213,061
S 1 sv,ped,int >=50  Injured, sev unk 5 2 $ 61