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CHAPTER 3 FUNDAMENTALS

3.1. CHAPTER INTRODUCTION

The purpose of this chapter is to introduce the fundamental concepts for
understanding the roadway safety management techniques and crash estimation
methods presented in subsequent chapters of the Highway Safety Manual (HSM).

In the HSM, crash frequency is the fundamental basis for safety analysis,
selection of sites for treatment and evaluation of the effects of treatments. The overall
aim of the HSM is to reduce crashes and crash severities through the comparison and
evaluation of alternative treatments and design of roadways. A commensurate
objective is to use limited safety funds in a cost effective manner.

This chapter presents the following concepts:

® An overview of the basic concepts relating to crash analysis,
including definitions of key crash analysis terms, the difference
between subjective and objective safety, factors that contribute to
crashes and strategies to reduce crashes;

B Data for crash estimation and its limitations;

® A historical perspective of the evolution of crash estimation
methods and the limitations their methods;

®  An overview of the predictive method (Part C) and AMFs (Parts C
and D);

®  Application of the HSM; and

®  The types of evaluation methods for determining the effectiveness
of treatment types (Part B).

Users benefit by familiarizing themselves with the material in Chapter 3 in order
to apply the HSM and understanding that engineering judgment is necessary to
determine if and when the HSM procedures are appropriate.

3.2. CRASHES AS THE BASIS OF SAFETY ANALYSIS

Crash frequency is used as a fundamental indicator of “safety” in the evaluation
and estimation methods presented in the HSM. Where the term “safety” is used in
the HSM, it refers to the crash frequency and/or crash severity and collision type for
a specific time period, a given location, and a given set of geometric and operational
conditions.

This section provides an overview of fundamental concepts relating to crashes
and their use in the HSM:

®  The difference between objective safety and subjective safety;
®  The definition of a crash and other crash related terms;
B (Crashes are rare and random events;

®  Contributing factors influence crashes and can be addressed by a
number of strategies;

This chapter introduces

fundamentals for applying

the HSM.

Crash frequency is a

fundamental quantitative

performance measure in

the HSM.
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40 ® The HSM focuses on reducing crashes by changing the
41 roadway/environment.

42 3.2.1. Objective and Subjective Safety

43 The HSM focuses on how to estimate and evaluate the crash frequency and crash

44| severity for a particular roadway network, facility or site, in a given period, and
45|  hence the focus is on “objective” safety. Objective safety refers to use of a quantitative
46| measure which is independent of the observer. Crash frequency and severity are
47|  defined in Section 3.2.2.

Section 3.2.1 presents

objective and subjective

safety concepts. The HSM

focuses on objective safety. 48 In contrast, “subjective” safety concerns the perception of how safe a person feels
49| on the transportation system. Assessment of subjective safety for the same site will
50| vary between observers.

51 The traveling public, the transportation professional and the statisticians may all
52| have diverse but valid opinions about whether a site is “safe” or “unsafe.” Highway
53| agencies draw information from each of these groups in determining policies and
54| procedures which it will use to affect a change in crash frequency and/or severity
55| among the road or highway system.

56 Exhibit 3-1 illustrates the difference between objective and subjective safety.
57| Moving to the right on the horizontal axis of the graph conceptually shows an
58| increase in objective safety (reduction in crashes). Moving up on the vertical axis
59| conceptually shows an increase in subjective safety (i.e., increased perception of
60| safety). In this exhibit, three examples illustrate the difference:

61 ® The change between Points A to A’ represents a clear-cut
62 deterioration in both objective and subjective safety. For example,
63 removing lighting from an intersection may increase crashes and
64 decrease the driver’s perception of safety (at night).
65 ®  The change between Points B to B’ represents a reduction in the
66 perception of safety on a transportation network, For example, as a
67 result of a television campaign against aggressive driving, citizens
68 may feel less secure on the roadways because of greater awareness
69 of aggressive drivers. If the campaign is not effective in reducing
70 crashes caused by aggressive driving, the decline in perceived safety
71 occurs with no change in the number of crashes.
72 ®  The change from Point C to C’ represents a physical improvement to
73 the roadway (such as the addition of left-turn lanes) that results in
74 both a reduction in crashes and an increase in the subjective safety.
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Exhibit 3-1: Changes in Objective and Subjective Safety
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3.2.2. Fundamental Definitions of Terms in the HSM

Definition of a Crash

In the HSM, a crash is defined as a set of events that result in injury or property
damage, due to the collision of at least one motorized vehicle and may involve
collision with another motorized vehicle, a bicyclist, a pedestrian or an object. The
terms used in the HSM do not include crashes between cyclists and pedestrians, or
vehicles on rails.” The terms “crash” and “accident” are used interchangeably
throughout the HSM.

Definition of Crash Frequency

In the HSM, “crash frequency” is defined as the number of crashes occurring at a
particular site, facility or network in a one-year period. Crash frequency is calculated
according to Equation 3-1 and is measured in number of crashes per year.

Number of Crashes
Period in Years

(3-1)

Crash Frequency =

Definition of Crash Estimation
“Crash estimation” refers to any methodology used to forecast or predict the
crash frequency of:

®  An existing roadway for existing conditions during a past or future
period;

Section 3.2.2
provides
fundamental
definitions for using
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96 ® An existing roadway for alternative conditions during a past or
97 future period;

98 ® A new roadway for given conditions for a future period.

99 The crash estimation method in Part C of the HSM is referred to as the

100| “predictive method” and is used to estimate the “expected average crash frequency”,
101 which is defined below.

102 Definition of Predictive Method

103 The term “predictive method” refers to the methodology in Part C of the HSM
104 | that is used to estimate the “expected average crash frequency” of a site, facility or
105| roadway under given geometric design, traffic volumes and for a specific period of
106 time.

107 Definition of Expected Average Crash Frequency

108 The term “expected average crash frequency” is used in the HSM to describe the
109 | estimate of long-term average crash frequency of a site, facility or network under a
110| given set of geometric design and traffic volumes in a given time period (in years).

111 As crashes are random events, the observed crash frequencies at a given site
112 | naturally fluctuate over time. Therefore, the observed crash frequency over a short
113 | period is not a reliable indictor of what average crash frequency is expected under
114 | the same conditions over a longer period of time.

115 If all conditions on a roadway could be controlled (e.g. fixed traffic volume,
116 | unchanged geometric design, etc), the long-term average crash frequency could be
117 measured. However because it is rarely possible to achieve these constant conditions,
118| the true long-term average crash frequency is unknown and must be estimated
119| instead.

120 Definition of Crash Severity

121 Crashes vary in the level of injury or property damage. The American National
122 | Standard ANSI D16.1-1996 defines injury as “bodily harm to a person”. The level of
123| injury or property damage due to a crash is referred to in the HSM as “crash
124 | severity.” While a crash may cause a number of injuries of varying severity, the term
125| crash severity refers to the most severe injury caused by a crash.

126 Crash severity is often divided into categories according to the KABCO scale,
127 | which provides five levels of injury severity. Even if the KABCO scale is used, the
128 | definition of an injury may vary between jurisdictions. The five KABCO crash
129 | severity levels are:

130 ® K- Fatal injury: an injury that results in death;
131 ® A - Incapacitating injury: any injury, other than a fatal injury, which
132 prevents the injured person from walking, driving or normally
133 continuing the activities the person was capable of performing
134 before the injury occurred;
135 ® B - Non-incapacitating evident injury: any injury, other than a fatal
136 injury or an incapacitating injury, which is evident to observers at
137 the scene of the accident in which the injury occurred;

Page 3-6 Part A / Introduction and Fundamentals

Chapter 3—Fundamentals



138
139
140

141

142
143

144

145
146
147
148
149

150
151

152
153

154
155

156
157

158

159

160
161
162
163
164
165
166

167
168
169
170
171
172
173
174

175
176
177
178
179
180

Highway Safety Manual — 1° Edition

Current as of April 6, 2009

® C - Possible injury: any injury reported or claimed which is not a
fatal injury, incapacitating injury or non-incapacitating evident
injury and includes claim of injuries not evident;

® O - No Injury/Property Damage Only (PDO).

While other scales for ranking crash severity exist, the KABCO scale is used in
the HSM.

Definition of Crash Evaluation

In the HSM, “crash evaluation” refers to determining the effectiveness of a
particular treatment or a treatment program after its implementation. Where the term
effectiveness is used in the HSM, it refers to a change in the expected average crash
frequency (or severity) for a site or project. Evaluation is based on comparing results
obtained from crash estimation. Examples include:

® Evaluating a single application of a treatment to document its
effectiveness;

®  Evaluating a group of similar projects to document the effectiveness
of those projects;

®  Evaluating a group of similar projects for the specific purpose of
quantifying the effectiveness of a countermeasure;

M Assessing the overall effectiveness of specific projects or
countermeasures in comparison to their costs.

Crash evaluation is introduced in Section 3.7 and described in detail in Chapter 9.

3.2.3. Crashes Are Rare and Random Events

Crashes are rare and random events. By rare, it is implied that crashes represent
only a very small proportion of the total number of events that occur on the
transportation system. Random means that crashes occur as a function of a set of
events influenced by several factors, which are partly deterministic (they can be
controlled) and partly stochastic (random and unpredictable). An event refers to the
movement of one or more vehicles and or pedestrians and cyclists on the
transportation network.

A crash is one possible outcome of a continuum of events on the transportation
network during which the probability of a crash occurring may change from low risk
to high risk. Crashes represent a very small proportion of the total events that occur
on the transportation network. For example, for a crash to occur, two vehicles must
arrive at the same point in space at the same time. However, arrival at the same time
does not necessarily mean that a crash will occur. The drivers and vehicles have
different properties (reaction times, braking efficiencies, visual capabilities,
attentiveness, speed choice), which will determine whether or not a crash occurs.

The continuum of events that may lead to crashes and the conceptual proportion
of crash events to non-crash events are represented in Exhibit 3-2. For the vast
majority of events(i.e. movement of one or more vehicles and or pedestrians and
cyclists) in the transportation system, events occur with low risk of a crash (i.e., the
probability of a crash occurring is very low for most events on the transportation
network).

Crashes are rare —
They represent only
a very small
proportion of the
total number of
events that occur on
the transportation
system.

Crashes are random
- They occur as a
function of a set of
events influenced by
several factors.
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181 In a smaller number of events, the potential risk of a crash occurring increases,
182 | such as an unexpected change in traffic flow on a freeway, a person crossing a road,
183 | or an unexpected object is observed on the roadway. In the majority of these
184 | situations, the potential for a crash is avoided by a driver’s advance action, such as
185| slowing down, changing lanes, or sounding a horn.

186 In even fewer events, the risk of a crash occurring increases even more. For
187| instance, if a driver is momentarily not paying attention, the probability of a crash
188 | occurring increases. However, the accident could still be avoided, for example by
189| coming to an emergency stop. Finally, in only a very few events, a crash occurs. For
190 | instance, in the previous example, the driver may have not applied the brakes in time
191 to avoid a collision.

192 Circumstances that lead to a crash in one event will not necessary lead to a crash
193 | ina similar event. This reflects the randomness that is inherent in crashes.

194 Exhibit 3-2: Crashes are Rare and Random Events

Relative Proportion of Crash Events

Low Risk of Crash

s Lo

Situation with Potential Risk of Crash

-

Risk of a Crash

-

Crash occurs

195
196 3.2.4. Crash Contributing Factors
Section 3.2.4 introd
ection ntroduices 197 While it is common to refer to the “cause” of a crash, in reality, most crashes

crash contributing factors. )
9 198 | cannot be related to a singular causal event. Instead, crashes are the result of a

199| convergence of a series of events that are influenced by a number of contributing
200 factors (time of day, driver attentiveness, speed, vehicle condition, road design etc).
201 These contributing factors influence the sequence of events (described above) before,
202 | during and after a crash.

203 B Before-crash events - reveal factors that contributed to the risk of a
204 crash occurring, and how the crash may have been prevented. For
205 example whether the brakes of one or both of the vehicles involved
206 were worn;
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® During-crash events - reveal factors that contributed to the crash
severity and how engineering solutions or technological changes
could reduce crash severity For example whether a car has airbags
and if the airbag deployed correctly;

]

After-crash events - reveal factors influencing the outcome of the
crash and how damage and injury may have been reduced by
improvements in emergency response and medical treatment For
example the time and quality of emergency response to a crash.

Crashes have the following three general categories of contributing factors:

® Human - including age, judgment, driver skill, attention, fatigue,
experience and sobriety;

®  Vehicle - including design, manufacture and maintenance;

|

Roadway/Environment - including geometric alignment, cross-
section, traffic control devices, surface friction, grade, signage,
weather, visibility.

By understanding these factors and how they might influence the sequence of
events, crashes and crash severities can be reduced by implementing specific
measures to target specific contributing factors. The relative contribution of these
factors to crashes can assist with determining how to best allocate resources to reduce
crashes. Research by Treat into the relative proportion of contributing factors is
summarized in Exhibit 3-3(19. The research was conducted in 1980 and therefore, the
relative proportions are more informative than the actual values shown.

Exhibit 3-3: Contributing Factors to Vehicle Crashes

93%

Driver
Factors

a7

34%_\

Roadway
Factors

3

Vehicle
Factors

3

~—13%
Source: Treat 1979

A framework for relating the series of events in a crash to the categories of crash
contributing factors is the Haddon Matrix. Exhibit 3-4? provides an example of this
matrix. The Haddon Matrix helps create order when determining which contributing
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236 | factors influence a crash and which period of the crash the factors influence. The
237 |  factors listed are not intended to be comprehensive; they are examples only.
o 238 Exhibit 3-4: Example Haddon Matrix for Identifying Contributing Factors
The Haddon Matrix is a
framework for identifying
— Roadway/Environment
crash contributing factors. Period Human Factors Vehicle Factors Factors
Before Crash distraction, fatigue, worn tires, worn brakes | wet pavement, polished
Factors inattention, poor aggregate, steep
contributing to judgment, age, cell downgrade, poorly
increased risk of phone use, deficient coordinated signal
crash driving habits system
During Crash vulnerability to injury, bumper heights and pavement friction,
Factors age, failure to wear a energy adsorption, grade, roadside
contributing to seat belt, driving headrest design, airbag | environment
crash severity speed, sobriety operations
After Crash age, gender ease of removal of the time and quality of
Factors injured passengers the emergency
contributing to response, subsequent
crash outcome medical treatment
239
240 Considering the crash contributing factors and what period of a crash event they

241 relate to supports the process of identifying appropriate crash reduction strategies.
242 | Some examples of how a reduction in crashes and crash severity may be achieved
243 | include:

244 ®  The behavior of humans;

245 ®  The condition of the roadway/environment;

246 ® The design and maintenance of technology including vehicles,
247 roadway and the environment technology;

248 ® The provision of emergency medical treatment, medical treatment
249 technology and post-crash rehabilitation;

250 ®  The exposure to travel, or level of transportation demand.

251 Strategies to influence the above and reduce crash and crash severity may

252 include:

253 ® Design, Planning and Maintenance - may reduce or eliminate
254 crashes by improving and maintaining the transportation system,
255 such as modifying signal phasing. Crash severity may also be
256 reduced by selection of appropriate treatments (such as the use of
257 median barriers to prevent head-on collisions).

258 ® Education - may reduce crashes by influencing the behavior of
259 humans including public awareness campaigns, driver training
260 programs, and training of engineers and doctors.

261 ®  Policy/Legislation - may reduce crashes by influencing human
262 behavior and design of roadway and vehicle technology. For
263 example laws may prohibit cell phone use while driving, require
264 minimum design standards, mandate use of helmets, and seatbelts.
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® Enforcement - may reduce crashes by penalizing illegal behavior
such as excessive speeding and drunken driving.

®  Technology Advances - may reduce crashes and crash severity by
minimizing the outcomes of a crash or preempting crashes from
occurring altogether. For example, electronic stability control
systems in vehicles improve the driver’s ability to maintain control
of a vehicle. The introduction of “Jaws of Life” tools (for removing
injured persons from a vehicle) has reduced the time taken to
provide emergency medical services.

® Demand Management/Exposure reduction - may reduce crashes
by reducing the number of ‘events’ on the transportation system for
which the risk of a crash may arise. For example, increasing the
availability of mass transit reduces the number of passenger
vehicles on the road and therefore a potential reduction in crash
frequency may occur because of less exposure.

A direct relationship between individual contributing factors and particular
strategies to reduce crashes does not exist. For example, in a head on crash on a two
lane rural road in dry, well illuminated conditions, the roadway may not be
considered as a contributing factor. However, the crash may have been prevented if
the roadway was a divided road. Therefore while the roadway may not be listed as a
contributing factor, changing the roadway design is one potential strategy to prevent
similar accidents in the future.

While all of the above strategies play an important role in reducing crashes and
crash severity, the majority of these strategies are beyond the scope of the HSM. The
HSM focuses on the reduction of crashes and crash severity where it is believed that
the roadway/environment is a contributing factor, either exclusively or through
interactions with the vehicle and/ or the driver.

3.3. DATA FOR CRASH ESTIMATION

This section describes the data that is typically collected and used for the
purposes of crash analysis, and the limitations of observed crash data in the
estimation of crashes and evaluation of crash reduction programs.

3.3.1. Data Needed for Crash Analysis

Accurate, detailed crash data, roadway or intersection inventory data, and traffic
volume data are essential to undertake meaningful and statistically sound analyses.
This data may include:

®  Crash Data: The data elements in a crash report describe the overall
characteristics of the crash. While the specifics and level of detail of
this data vary from state to state, in general, the most basic crash
data consist of crash location, date and time, crash severity and
collision type, and basic information about the roadway, vehicles
and people involved.

®  Facility Data: The roadway or intersection inventory data provide
information about the physical characteristics of the accident site.
The most basic roadway inventory data typically include roadway
classification, number of lanes, length, and presence of medians and

Typical data needs for crash
analysis are: crash data,
facility data, and traffic
volume data.
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310 shoulder width. Intersection inventories typically include road
311 names, area type, and traffic control and lane configurations.

312 B  Traffic Volume Data: In most cases, the traffic volume data
313 required for the methods in the HSM are annual average daily
314 traffic (AADT). Some organizations may use ADT (average daily
315 traffic) as precise data may not be available to determine AADT. If
316 AADT data are unavailable, ADT can be used to estimate AADT.
317 Other data that may be used for crash analysis includes intersection
318 total entering vehicles (TEV), and vehicle-miles traveled (VMT) on a
319 roadway segment, which is a measure of segment length and traffic
320 volume. In some cases, additional volume data, such as pedestrian
321 crossing counts or turning movement volumes, may be necessary.
322 The HSM Data Needs Guide® provides additional data information. In addition,

323| in an effort to standardize databases related to crash analyses there are two
324 | guidelines published by FHWA: The Model Minimum Uniform Crash Criteria
325| (MMUCC); and the Model Minimum Inventory of Roadway Elements (MMIRE).
326 | MMUCC (http://www.mmucc.us) is a set of voluntary guidelines to assist states in
327 | collecting consistent crash data. The goal of the MMUCC is that with standardized
328 | integrated databases, there can be consistent crash data analysis and transferability.
329 MMIRE (http:/ /www.mmire.org) provides guidance on what roadway inventory
330| and traffic elements can be included in crash analysis, and proposes standardized
331 coding for those elements. As with MMUCC, the goal of MMIRE is to provide
332 | transferability by standardizing database information.

333 3.3.2. Limitations of Observed Crash Data Accuracy

334 This section discusses the limitations of recording, reporting and measuring
335| crash data with accuracy and consistency. These issues can introduce bias and affect
336 | crash estimation reliability in ways that are not easily addressed. These limitations
337 | are not specific to a particular crash analysis methodology and their implications
338 | require consideration regardless of the particular crash analysis methodology used.

339 Limitations of observed crash data include:
340 ®  Data quality and accuracy
341 ®  Crash reporting thresholds and the frequency-severity
342 indeterminacy
343 ® Differences in data collection methods and definitions used by
344 jurisdictions
Limitations of typical crash 345 Data Quality and Accuracy
data are summarized in 346 Crash data are typically collected on standardized forms by trained police
Section 3.3.2. 347 | personnel and, in some states, by integrating information provided by citizens self-

348 | reporting PDO crashes. Not all crashes are reported, and not all reported crashes are
349 | recorded accurately. Errors may occur at any stage of the collection and recording of
350 | crash data and may be due to:

351 ® Data entry - typographic errors;

352 " Imprecise entry - the use of general terms to describe a location;
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® Incorrect entry - entry of road names, road surface, level of accident
severity, vehicle types, impact description, etc.;

® Incorrect training -lack of training in use of collision codes;

®  Subjectivity - Where data collection relies on the subjective opinion
of an individual, inconsistency is likely. For example estimation of
property damage thresholds, or excessive speed for conditions.

Crash Reporting Thresholds

Reported and recorded crashes are referred to as observed crash data in the
HSM. One limitation on the accuracy of observed crash data is that all crashes are not
reported. While a number of reasons for this may exist, a common reason is the use of
minimum accident reporting thresholds.

Transportation agencies and jurisdictions typically use police accident reports as
a source of observed crash records. In most states, crashes must be reported to police
when damage is above a minimum dollar value threshold. This threshold varies
between states. When thresholds change, the change in observed crash frequency
does not necessarily represent a change in long term average crash frequency but
rather creates a condition where comparisons between previous years can not be
made.

To compensate for inflation, the minimum dollar value for accident reporting is
periodically increased through legislation. Typically the increase is followed by a
drop in the number of reported crashes. This decrease in reported crashes does not
represent an increase in safety. It is important to be aware of crash reporting
thresholds and to ensure that a change to reporting thresholds did not occur during
the period of study under consideration.

Crash Reporting and the Frequency-Severity Indeterminacy

Not all reportable crashes are actually reported to police and therefore not all
crashes are included in a crash database. In addition, studies indicate that crashes
with greater severity are reported more reliably than crashes of lower severity. This
situation creates an issue called frequency-severity indeterminancy, which represents
the difficulty in determining if a change in the number of reported accidents is
caused by an actual change in accidents, a shift in severity proportions, or a mixture
of the two. It is important to recognize frequency-severity indeterminacy in
measuring effectiveness of and selecting countermeasures. No quantitative tools
currently exist to measure frequency-severity indeterminacy.

Differences between Crash Reporting Criteria of Jurisdictions

Differences exist between jurisdictions regarding how crashes are reported and
classified. This especially affects the development of statistical models for different
facility types using crash data from different jurisdictions, and the comparison or use
of models across jurisdictions. Different definitions, criteria and methods of
determining and measuring crash data may include:

®  Crash reporting thresholds

B Definition of terms and criteria relating to crashes, traffic and
geometric data
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396 ®  Crash severity categories

397 Crash reporting thresholds were discussed above. Different definitions and
398 | terms relating to the three types of data (i.e. traffic volume, geometric design, and
399 | crash data) can create difficulties as it may be unclear whether the difference is
400 | limited to the terminology or whether the definitions and criteria for measuring a
401 | particular type of data is different. For example, most jurisdictions use annual
402 | average daily traffic (AADT) as an indicator of yearly traffic volume, others use
403 | average daily traffic (ADT).

404 Variation in crash severity terms can lead to difficulties in comparing data
405| Dbetween states and development of models which are applicable to multiple states,
406 | for example, a fatal injury is defined by some agencies as “any injury that results in
407 | death within a specified period after the road vehicle accident in which the injury
408 | occurred. Typically the specified period is 30 days.”(”? In contrast, World Health
409 | Organization procedures, adopted for vital statistics reporting in the United States,
410| use a 12-month limit. Simlarly, juridictions may use differing injury scales or have
411 | different severity classifications or groupings of classifications. These differences may
412 | lead to the inconsistencies in reported crash severity and the proportion of severe
413 | injury to fatalities across jursidictions.

414 Therefore, the count of reported crashes in a database is partial, may contain
415| inaccurate or incomplete information, may not be uniform for all collision types and
416 | crash severities, may vary over time, and may differ from jurisdiction to jurisdiction.

] o 417 3.3.3. Limitations Due To Randomness and Change
This section introduces
regression to the mean 418 This section discusses the limitations associated with natural variations in crash
concepts and issues 419 data and the changes in site conditions. These are limitations due to inherent

associated with changes in 420 characteristics of the data itself , not limitations due to the method by which the data

site conditions (i.e., physical 421 is collected or reported. If not considered and accounted for as possible, the

or traffic volume). 422 limitations can introduce bias and affect crash data reliability in ways that are not
423 |  easily accounted for. These limitations are not specific to a particular crash analysis
424 | methodology and their implications require consideration regardless of the particular
425| crash analysis methodology being used.

426 Limitations due to randomness and changes include:

427 ® Natural variability in crash frequency

428 M Regression-to-the-mean and regression-to-the-mean bias

429 ®  Variations in roadway characteristics

430 " Conflict between Crash Frequency Variability and Changing Site
431 Conditions

432 Natural Variability in Crash Frequency

433 Because crashes are random events, crash frequencies naturally fluctuate over
434 | time at any given site. The randomness of accident occurrence indicates that short-
435| term crash frequencies alone are not a reliable estimator of long-term crash
436 | frequency. If a three-year period of crashes were used as the sample to estimate crash
437 | frequency, it would be difficult to know if this three-year period represents a
438 |  typically high, average, or low crash frequency at the site.

Page 3-14 Part A / Introduction and Fundamentals
Chapter 3—Fundamentals



439
440
441
442
443
444

445
446

447

448

449

450
451
452
453
454
455
456

457
458
459
460
461
462
463
464
465
466
467

468
469
470
471
472
473
474
475

Highway Safety Manual — 1° Edition Current as of April 6, 2009

This year-to-year variability in crash frequencies adversely affects crash
estimation based on crash data collected over short periods. The short-term average
crash frequency may vary significantly from the long-term average crash frequency.
This effect is magnified at study locations with low crash frequencies where changes
due to variability in crash frequencies represent an even larger fluctuation relative to
the expected average crash frequency.

Exhibit 3-5 demonstrates the randomness of observed crash frequency, and
limitation of estimating crash frequency based on short-term observations.

Exhibit 3-5: Variation in Short-Term Observed Crash Frequency

Short Term
Average Crash

\ /\V/.\ ; ‘y/\ A <+— Expected Average
v JVL \ Crash Frequency

Short Term
Short Term Average Crash
Average Crash
Freauencv

Observed Crash Frequency

Years

Regression-to-the-Mean and Regression-to-the-Mean Bias

The crash fluctuation over time makes it difficult to determine whether changes
in the observed crash frequency are due to changes in site conditions or are due to
natural fluctuations. When a period with a comparatively high crash frequency is
observed, is statistically probable that the following period will be followed by a
comparatively low crash frequency ®. This tendency is known as regression-to-the-
mean (RTM), and also applies to the high probability that a low crash frequency
period will be followed by a high crash frequency period.

Failure to account for the effects of RTM introduces the potential for “RTM bias”,
also known as “selection bias”. Selection bias occurs when sites are selected for
treatment based on short-term trends in observed crash frequency. For example, a
site is selected for treatment based on a high observed crash frequency during a very
short period of time (e.g. two years). However, the sites long-term crash frequency
may actually be substantially lower and therefore the treatment may have been more
cost effective at an alternate site. RTM bias can also result in the overestimation or
underestimation of the effectiveness of a treatment (i.e., the change in expected
average crash frequency). Without accounting for RTM bias, it is not possible to
know if an observed reduction in crashes is due to the treatment or if it would have
occurred without the modification.

The effect of RTM and RTM bias in evaluation of treatment effectiveness is
shown on Exhibit 3-6. In this example, a site is selected for treatment based on its
short term crash frequency trend over three years (which is trending upwards). Due
to regression-to-the-mean, it is probable that the observed crash frequency will
actually decrease (towards the expected average crash frequency) without any
treatment. A treatment is applied, which has a beneficial effect (i.e., there is a
reduction in crashes due to the treatment). However, if the reduction in crash
frequency that would have occurred (due to RTM) without the treatment is ignored

Chapter 4 and Part C of the
HSM introduce crash
estimation methods that
address regression-to-the-
mean.
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476 | the effectiveness of the treatment is perceived to be greater than its actual
477 |  effectiveness.

478 The effect of RTM bias is accounted for when treatment effectiveness (i.e.,
479 | reduction in crash frequency or severity) and site selection is based on a long-term
480 | average crash frequency. Because of the short-term year-to-year variability in
481 observed crash frequency, and consequences of not accounting for RTM bias, the
482 | HSM focuses on estimating of the “expected average crash frequency” as defined in
483 | section 3.2.4.

484 Exhibit 3-6 Regression-to-the-mean (RTM) and RTM Bias

Site Selected for N
Treatment due to

Short Term Trend
Perceived effectiveness

of treatment

RTM
Reduction

;

Actual reduction
due to treatment

Expected /

Average Crash
Frequency
(without treatment)

Observed Crash Frequency

—

Years

485

486 Variations in Roadway Characteristics and Environment

487 A site’s characteristics, such as traffic volume, weather, traffic control, land use
488 | and geometric design, are subject to change over time. Some conditions, such as
489 | traffic control or geometry changes at an intersection, are discrete events. Other
490 characteristics, like traffic volume and weather, change on a continual basis.

491 The variation of site conditions over time makes it difficult to attribute changes
492 | in the expected average crash frequency to specific conditions. It also limits the
493 | number of years that can be included in a study. If longer time periods are studied (to
494 | improve the estimation of crash frequency and account for natural variability and
495| RTM), it becomes likely that changes in conditions at the site occurred during the
496 | study period. One way to address this limitation is to estimate the expected average
497 |  crash frequency for the specific conditions for each year in a study period. This is the
498 |  predictive method applied in Part C of the HSM.

499 Variation in conditions also plays a role in evaluation of the effectiveness of a
500 | treatment. Changes in conditions between a “before” period and an “after” period
501 | may make it difficult to determine the actual effectiveness of a particular treatment.
502 | This may mean that a treatments effect may be over or under estimated, or unable to
503 | be determined. More information about this is included in Chapter 9.

504 Conflict between Crash Frequency Variability and Changing Site Conditions

505 The implications of crash frequency fluctuation and variation of site conditions
506 | are often in conflict. On one hand, the year-to-year fluctuation in crash frequencies
507 | tends toward acquiring more years of data to determine the expected average crash
508 | frequency. On the other hand, changes in site conditions can shorten the length of
509 | time for which crash frequencies are valid for considering averages. This push/pull
510 | relationship requires considerable judgment when undertaking large-scale analyses
511| and using crash estimation procedures based on observed crash frequency. This
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limitation can be addressed by estimating the expected average crash frequency for
the specific conditions for each year in a study period, which is the predictive method
applied in Part C of the HSM.

3.4. EVOLUTION OF CRASH ESTIMATION METHODS

This section provides a brief overview of the evolution of crash estimation
methods and their strengths and limitations. The development of new crash
estimation methods is associated not only with increasing sophistication of the
statistical techniques, but is also due to changes in the thinking about road safety.
Additional information is included in Appendix A. The following crash estimation
methods are discussed:

®  Crash estimation using observed crash frequency and crash rates
over a short-term period, and a long term period (e.g., more than 10
years);

® Indirect safety measures for identifying high crash locations.
Indirect safety measures are also known as surrogate measures;

B Statistical analysis techniques (specifically the development of
statistical regression models for estimation of crash frequency), and
statistical methodologies to incorporate observed crash data to
improve the reliability of crash estimation models.

3.4.1. Observed Crash Frequency and Crash Rate Methods

Crash frequency and crash rates are often used for crash estimation and
evaluation of treatment effectiveness. In the HSM, the historic crash data on any
facility (i.e., the number of recorded crashes in a given period) is referred to as the
“observed crash frequency”.

“Crash rate” is the number of crashes that occur at a given site during a certain
time period in relation to a particular measure of exposure (e.g., per million vehicle
miles of travel for a roadway segment or per million entering vehicles for an
intersection). Crash rates may be interpreted as the probability (based on past events)
of being involved in an accident per instance of the exposure measure. For example,
if the crash rate on a roadway segment is one crash per one million vehicle miles per
year, then a vehicle has a one-in-a-million chance of being in an accident for every
mile traveled on that roadway segment. Crash rates are calculated according to
Equation 3-2.

Average Crash Frequency in a Period (3-2)
Exposure in Same Period

Crash Rate =

Observed crash frequency and crash rates are often used as a tool to identify and
prioritize sites in need of modifications, and for evaluation of the effectiveness of
treatments. Typically, those sites with the highest crash rate or perhaps with rates
higher than a certain threshold are analyzed in detail to identify potential
modifications to reduce crashes. In addition, crash frequency and crash rate are often
used in conjunction with other analysis techniques, such as reviewing crash records
by year, collision type, crash severity, and/or environmental conditions to identify
other apparent trends or patterns over time. Chapter 3 Appendix A.3 provides
examples of crash estimation using historic crash data.

Advantages in the use of observed crash frequency and crash rates include:
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556 ®  Understandability -observed crash frequency and rates are intuitive
557 to most members of the public;

558 B Acceptance - it is intuitive for members of the public to assume that
559 observed trends will continue to occur;

560 ® Limited alternatives - in the absence of any other available
561 methodology, observed crash frequency is the only available
562 method of estimation.

563 Crash estimation methods based solely on historical crash data are subject to a

564 number of limitations. These include the limitations associated with the collection of
565 data described in section 3.3.2 and 3.3.3.

566 Also, the use of crash rate incorrectly assumes a linear relationship between
567 | crash frequency and the measure of exposure. Research has confirmed that while
568 | there are often strong relationships between crashes and many measures of exposure,
569 | these relationships are usually non-linear. 5

570 A (theoretical) example which illustrates how crash rates can be misleading is to
571| consider a rural two-lane two-way road with low traffic volumes with a very low
572 | observed crash frequency. Additional development may substantially increase the
573 | traffic volumes and consequently the number of crashes. However, it is likely that the
574 |  crash rate may decline because the increased traffic volumes. For example the traffic
575| volumes may increase threefold, but the observed crash frequency may only double,
576 | leading to a one third reduction in crash rate. If this change isn’t accounted for, one
577 | might assume that the new development made the roadway safer.

578 Not accounting for the limitations described above may result in ineffective use
579 | of limited safety funding. Further, estimating crash conditions based solely on
580 | observed crash data limits crash estimation to the expected average crash frequency
581 | of an existing site where conditions (and traffic volumes) are likely to remain
582 | constant for a long-term period, which is rarely the case. This precludes the ability to
583 | estimate the expected average crash frequency for:

584 ® The existing system under different geometric design or traffic
585 volumes in the past (considering if a treatment had not been
586 implemented) or in the future (in considering alternative treatment
587 designs);

588 B Design alternatives of roadways that have not been constructed.

589 As the number of years of available crash data increases the risk of issues

590 | associated with regression-to-the-mean bias decrease. Therefore, in situations where
591 | crashes are extremely rare (e.g., at rail-grade crossings) observed crash frequency or
592 | crash rates may reliably estimate expected average crash frequency and therefore can
593 | be used as a comparative value for ranking (see Chapter 3 Appendix A.4 for further
594 | discussion).

595 Even when there have been limited changes at a site (e.g., traffic volume, land
596 use, weather, driver demographics have remained constant) other limitations relating
597 | to changing contributing factors remain. For example the use of motorcycles may
598 | have increased across the network during the study period. An increase in observed
599 | motorcycle crashes at the site may be associated with the overall change in levels of
600 | motorcycle use across the network rather than in increase in motorcycle crashes at the
601 | specific site.
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Agencies may be subject to reporting requirements which require provision of
crash rate information. The evolution of crash estimation methods introduces new
concepts with greater reliability than crash rates, and therefore the HSM does not
focus on the use of crash rates. The techniques and methodologies presented in the
HSM 1t Edition are relatively new to the field of transportation and will take time to
become “best” practice. Therefore it is likely that agencies may continue to be subject
to requirements to report crash rates in the near term.

3.4.2. Indirect Safety Measures

Indirect safety measures have also been applied to measure and monitor a site or
a number of sites. Also known as surrogate safety measures, indirect safety measures
provide a surrogate methodology when accident frequencies are not available
because the roadway or facility is not yet in service or has only been in service for a
short time; or when crash frequencies are low or have not been collected; or when a
roadway or facility has significant unique features. The important added attraction of
indirect safety measurements is that they may save having to wait for sufficient
accidents to materialize before a problem is recognized and a remedy applied.

Past practices have mostly used two basic types of surrogate measures to use in
place of observed crash frequency. These are:

® Surrogates based on events which are proximate to and usually
precede the accident event. For example, at an intersection
encroachment time, the time during which a turning vehicle
infringes on the right of way of another vehicle may be used as a
surrogate estimate.

®  Surrogates that presume existence of a causal link to expected
accident frequency. For example, proportion of occupants wearing
seatbelts may be used as a surrogate for estimation of crash
severities.

Conlflict studies are another indirect measurement of safety. In these studies,
direct observation of a site is conducted in order to examine “near-accidents” as an
indirect measure of potential crash problems at a site. Because the HSM is focused on
quantitative crash information, conflict studies are not included in the HSM.

The strength of indirect safety measures is that the data for analysis is more
readily available. There is no need to wait for crashes to occur. The limitations of
indirect safety measures include the often unproven relationship between the
surrogate events and crash estimation. Chapter 3 Appendix D provides more detailed
information about indirect safety measures.

3.4.3. Crash Estimation using Statistical Methods

Statistical models using regression analysis have been developed which address
some of the limitations of other methods identified above. These models address
RTM bias and also provide the ability to reliably estimate expected average crash
frequency for not only existing roadway conditions, but also changes to existing
conditions or a new roadway design prior to its construction and use.

As with all statistical methods used to make estimation, the reliability of the
model is partially a function of how well the model fits the original data and partially
a function of how well the model has been calibrated to local data. In addition to
statistical models based on crash data from a range of similar sites, the reliability of
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crash estimation is improved when historic crash data for a specific site can be
incorporated into the results of the model estimation.

A number of statistical methods exist for combining estimates of crashes from a
statistical model with the estimate using observed crash frequency at a site or facility.
These include:

®  Empirical Bayes method (EB Method)
®  Hierarchical Bayes method

®  Full Bayes method

Jurisdictions may have the data and expertise to develop their own models and
to implement these statistical methods. In the HSM, the EB Method is used as part of
the predictive method described in Part C. A distinct advantage of the EB Method is
that, once a calibrated model is developed for a particular site type, the method can
be readily applied. The Hierarchical Bayes and Full Bayes method are not used in the
HSM, and are not discussed within this manual.

3.4.4. Development and Content of the HSM Methods

Section 3.3 through 3.4.3 discuss the limitations related to the use of observed
crash data in crash analysis and some of the various methods for crash estimation
which have evolved as the field of crash estimation has matured. The HSM has been
developed due to recognition amongst transportation professionals of the need to
develop standardized quantitative methods for crash estimation and crash evaluation
which address the limitations described in Section 3.3.

The HSM provides quantitative methods to reliably estimate crash frequencies
and severities for a range of situations, and to provide related decision making tools
to use within the road safety management process. Part A of the HSM provides an
overview of Human Factors (in Chapter 2) and an introduction to the fundamental
concepts used in the HSM (Chapter 3). Part B of the HSM focuses on methods to
establish a comprehensive and continuous roadway safety management process.
Chapter 4 provides numerous performance measures for identifying sites which may
respond to improvements. Some of these performance measures use concepts
presented in the overview of the Part C predictive method presented below. Chapters
5 through 8 present information about site crash diagnosis, selecting
countermeasures, and prioritizing sites. Chapter 9 presents methods for evaluating
the effectiveness of improvements. Fundamentals of the Chapter 9 concepts are
presented in Section 3.7.

Part C of the HSM, overviewed in Section 3.5, presents the predictive method for
estimating the expected average crash frequency for various roadway conditions.
The material in this part of the HSM will be valuable in preliminary and final design
processes.

Finally, Part D contains a variety of roadway treatments with accident
modification factors (AMFs). The fundamentals of AMFs are described in Section 3.6,
with more details provided in the Part D Introduction and Applications Guidance.
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3.5. PREDICTIVE METHOD IN PART C OF THE HSM

3.5.1. Overview of the Part C Predictive Method

This section is intended to provide the user with a basic understanding of the
predictive method found in Part C of the HSM. A complete overview of the method
is provided in the Part C Introduction and Application Guidance. The detail method
for specific facility types is described in Chapter 10, 11 and 12 and the EB Method is
explained fully in the Part C Appendix.

The predictive method presented in Part C provides a structured methodology to
estimate the expected average crash frequency (by total crashes, crash severity or
collision type) of a site, facility or roadway network for a given time period,
geometric design and traffic control features, and traffic volumes (AADT). The
predictive method also allows for crash estimation in situations where no observed
crash data is available or no predictive model is available.

The expected average crash frequency, Negectes, i estimated using a predictive
model estimate of crash frequency, Nyreiced (referred to as the predicted average crash
frequency) and, where available, observed crash frequency, Nopseroes. The basic
elements of the predictive method are:

®  Predictive model estimate of the average crash frequency for a
specific site type. This is done using a statistical model developed
from data for a number of similar sites. The model is adjusted to
account for specific site conditions and local conditions;

®  The use of the EB Method to combine the estimation from the
statistical model with observed crash frequency at the specific site.
A weighting factor is applied to the two estimates to reflect the
model’s statistical reliability. When observed crash data is not
available or applicable, the EB Method does not apply.

Basic Elements of the Predictive Models in Part C

The predictive models in Part C of the HSM vary by facility and site type but all
have the same basic elements:

® Safety Performance Functions (SPFs): statistical “base” models are
used to estimate the average crash frequency for a facility type with
specified base conditions.

®  Accident Modification Factors (AMFs): AMFs are the ratio of the
effectiveness of one condition in comparison to another condition.
AMFs are multiplied with the crash frequency predicted by the SPF
to account for the difference between site conditions and specified
base conditions;

M Calibration factor (C): multiplied with the crash frequency predicted
by the SPF to account for differences between the jurisdiction and
time period for which the predictive models were developed and
the jurisdiction and time period to which they are applied by HSM
users.

A detailed explanation of
the steps for the HSM
predictive method is in the
Part C Introduction and
Applications Guide.
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731 While the functional form of the SPFs varies in the HSM, the predictive model to
732 | estimate the expected average crash frequency Nyruiced, is generally calculated using
733 Equation 3-3.

734 N predisiea = Nsor 5 X (AMF 1, x AMF 5, % ...x AMF . ) xC (3-3)
735 Where,

736 Npredgictea=  predictive model estimate of crash frequency for a specific
737 year on site type x (crashes/year);

738 Nspex= predicted average crash frequency determined for base

739 conditions with the Safety Performance Function

740 representing site type x (crashes/year);

741 AMF,, = Accident Modification Factors specific to site type x;

742 Cy = Calibration Factor to adjust for local conditions for site type
743 x.

744 The First Edition of the HSM provides a detailed predictive method for the
745 | following three facility types:

746 ®  Chapter 10: Rural Two-Lane Two-Way Roads;

747 ®  Chapter 11: Rural Multilane Highways;

748 ®  Chapter 12: Urban and Suburban Arterials.

This section presents the

advantages of the HSM 749 Advantages of the Predictive Method

predictive method. 750 Advantages of the predictive method are that:
751 ®  Regression-to-the-mean bias is addressed as the method
752 concentrates on long-term expected average crash frequency rather
753 than short-term observed crash frequency.
754 ® Reliance on availability of limited crash data for any one site is
755 reduced by incorporating predictive relationships based on data
756 from many similar sites.
757 ®  The method accounts for the fundamentally nonlinear relationship
758 between crash frequency and traffic volume.
759 ® The SPFs in the HSM are based on the negative binomial
760 distribution, which are better suited to modeling the high natural
761 variability of crash data than traditional modeling techniques which
762 are based on the normal distribution.
763 First time users of the HSM who wish to apply the predictive method are

764 | advised to read Section 3.5 (this section), read the Part C Introduction and Applications
765 Guidance, and then select an appropriate facility type from Chapter 10, 11, or 12 for the
766 | roadway network, facility or site under consideration.

767 3.5.2. Safety Performance Functions

768 Safety Performance Functions (SPFs) are regression equations that estimate the
769 | average crash frequency for a specific site type (with specified base conditions) as a

Page 3-22 Part A / Introduction and Fundamentals
Chapter 3—Fundamentals



Highway Safety Manual — 1° Edition Current as of April 6, 2009

770  function of annual average daily traffic (AADT) and, in the case of roadway
771  segments, the segment length (L). Base conditions are specified for each SPF and may
772 include conditions such as lane width, presence or absence of lighting, presence of
773  turn lanes etc. An example of a SPF (for roadway segments on rural two-lane
774 highways) is shown in Equation 3-4.

775 N o . = (AADT) x (L) x (365) x 10 ¥ x g (*#9 (3-4)
776 Where,

777 Ngysrs= estimate of predicted average crash frequency for SPF base
778 conditions for a rural two-lane two-way roadway segment
779 (described in Section 10.6) (crashes/year);

780 AADT = average annual daily traffic volume (vehicles per day) on

781 roadway segment;

782 L = length of roadway segment (miles).

783 While the SPFs estimate the average crash frequency for all crashes, the

784  predictive method provides procedures to separate the estimated crash frequency
785  into components by crash severity levels and collision types (such as run-off-road or
786  rear-end crashes). In most instances, this is accomplished with default distributions
787  of crash severity level and/or collision type. As these distributions will vary between
788  jurisdictions, the estimations will benefit from updates based on local crash severity
789  and collision type data. This process is explained in the Part C Appendix. If sufficient
790  experience exists within an agency, some agencies have chosen to use advanced
791  statistical approaches that allow for prediction of changes by severity levels.©

792 The SPFs in the HSM have been developed for three facility types (rural two-lane
793  two-way roads, rural multilane highways, and urban and suburban arterials), and for
794  specific site types of each facility type (e.g. signalized intersections, unsignalized
795  intersections, divided roadway segments and undivided roadway segments). The
796  different facility types and site types for which SPFs are included in the HSM are
797  summarized in Exhibit 3-9.

798 Exhibit 3-9: Facility Types and Site Types included in Part C
Exhibit 3.9 shows the

Intersections Safety Performance
- X Functions in Part C.
Undivided Divided Stop Control on Signalized
Roadway Roadway Minor Leg(s)
HSM Chapter Segments Segments 3-Leg 4-Leg 3-Leg 4-Leg
10 — Rural Two- v ) v v ) v
Lane Roads
11 — Rural
Multilane v v v v - v
Highways
12 — Urban and
Suburban v v v v v v
Arterial
Highways
799
800 In order to apply a SPF the following information about the site under
801 consideration is necessary:
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802 ®  Basic geometric and geographic information of the site to determine
803 the facility type and to determine whether a SPF is available for that
804 facility and site type.

805 ®  Detailed geometric design and traffic control features conditions of
806 the site to determine whether and how the site conditions vary from
807 the SPF baseline conditions (the specific information required for
808 each SPF is included in Part C.

809 ®  AADT information for estimation of past periods, or forecast
810 estimates of AADT for estimation of future periods.

811 SPFs are developed through statistical multiple regression techniques using

812| observed crash data collected over a number of years at sites with similar
813 | characteristics and covering a wide range of AADTs. The regression parameters of
814 | the SPFs are determined by assuming that crash frequencies follow a negative
815| binomial distribution. The negative binomial distribution is an extension of the
816 Poisson distribution, and is better suited than the Poisson distribution to modeling of
817 | crash data. The Poisson distribution is appropriate when the mean and the variance
818 | of the data are equal. For crash data, the variance typically exceeds the mean. Data
819 | for which the variance exceeds the mean are said to be overdispersed, and the
820 | negative binomial distribution is very well suited to modeling overdispersed data.
821 | The degree of overdispersion in a negative binomial model is represented by a
822 | statistical parameter, known as the overdispersion parameter that is estimated along
823 | with the coefficients of the regression equation. The larger the value of the
824 | overdispersion parameter, the more the crash data vary as compared to a Poisson
825 distribution with the same mean. The overdispersion parameter is used to determine
826 | the value of a weight factor for use in the EB Method described in Section 3.5.5.

827 The SPFs in the HSM must be calibrated to local conditions as described in
828 | Section 3.5.4 below and in detail in the Part C Appendix. The derivation of SPFs
829 | through regression analysis is described in Chapter 3 Appendix B.

830| 3.5.3. Accident Modification Factors

831 Accident Modification Factors (AMFs) represent the relative change in crash
AMFs are the ratio of the 832| frequency due to a change in one specific condition (when all other conditions and
expected average crash 833 | site characteristics remain constant). AMFs are the ratio of the crash frequency of a
frequency of a site under 834 site under two different conditions Therefore, an AMF may serve as an estimate of
one condition (such as a 835| the effect of a particular geometric design or traffic control feature or the effectiveness

treatment) to the expected 836 of a particular treatment or condition.

average crash frequency of g5 AMFs are generally presented for the implementation of a particular treatment,

the same site under a . . . . .
838 also known as a countermeasure, intervention, action, or alternative deagn.

dfﬁerent Condftfon'_ The 839 Examples include illuminating an unlighted road segment, paving gravel shoulders,
different condition is often . - . . . . .

o 840 | signalizing a stop-controlled intersection, or choosing a signal cycle time of 70
the base condition. 841| seconds instead of 80 seconds. AMFs have also been developed for conditions that

842 | are not associated with the roadway, but represent geographic or demographic
843 | conditions surrounding the site or with users of the site (e.g., the number of liquor
844 | outlets in proximity to the site).

845 Equation 3-5 shows the calculation of an AMF for the change in expected average

846 | crash frequency from site condition “a’ to site condition ‘b".®)

847 AME - Expected average crash frequency with condition’ b’ (3-5)
Expected average crash frequency with condition' a’
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848  AMFs defined in this way for expected crashes can also be applied to comparison of
849  predicted crashes between site condition ‘a” and site condition ‘b’.

Accident Modification Factor Examples

Example 1
Using a SPF for rural two-lane roadway segments, the expected average crash
frequency for existing conditions is 10 injury crashes/year (assume observed data
is not available). The base condition is the absence of automated speed
enforcement. If automated speed enforcement were installed, the AMF for injury
crashes is 0.83. Therefore, if there is no change to the site conditions other than
implementation of automated speed enforcement, the estimate of expected
average injury crash frequency is 0.83 x 10 = 8.3 crashes/year.

Example 2
The expected average crashes for an existing signalized intersection is estimated
through application of the EB Method (using a SPF and observed crash frequency)
to be 20 crashes/year. It is planned to replace the signalized intersection with a
modern roundabout. The AMF for conversion of the base condition of an existing
signalized intersection to a modern roundabout is 0.52. As no SPF is available for
roundabouts, the project AMF is applied to the estimate for existing conditions.
Therefore, after installation of a roundabout the expected average crash
frequency, is estimated to be 0.52 x 20 = 10.4 crashes/year.

850

851 The values of AMFs in the HSM are determined for a specified set of base
852  conditions. These base conditions serve the role of site condition ‘a” in Equation 3-5.
853  This allows comparison of treatment options against a specified reference condition.
854 Under the base conditions (i.e., with no change in the conditions), the value of an
855  AMF is 1.00. AMF values less than 1.00 indicate the alternative treatment reduces the
856  estimated average crash frequency in comparison to the base condition. AMF values
857  greater than 1.00 indicate the alternative treatment increases the estimated average
858  crash frequency in comparison to the base condition. The relationship between an
859  AMF and the expected percent change in crash frequency is shown in Equation 3-6.

860 Percent Reduction in Accidents = 100 x (1.00 - AMF) (3-6)
861 For example,

862 B If an AMF = 0.90 then the expected percent change is 100% % (1.00 -
863 0.90) = 10%, indicating a reduction in expected average crash
864 frequency.

865 ® If an AMF = 1.20 then the expected percent change is 100% x (1.00 -
866 1.20) =  -20%, indicating an increase in expected average crash
867 frequency.

868 The SPFs and AMFs used in the Part C predictive method for a given facility type

869  use the same base conditions so that they are compatible.

870 Application of AMFs
871 Applications for AMFs include:
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872 ®  Multiplying an AMF with a crash frequency for base conditions
873 determined with a SPF to estimate predicted average crash
874 frequency for an individual site, which may consist of existing
875 conditions, alternative conditions or new site conditions. The AMFs
876 are used to account for the difference between the base conditions
877 and actual site conditions;

878 ®  Multiplying an AMF with the expected average crash frequency of
879 an existing site that is being considered for treatment, when a site-
880 specific SPF applicable to the treated site is not available. This
881 estimates expected average crash frequency of the treated site. For
882 example an AMF for a change in site type or conditions such as the
883 change from an unsignalized intersection to a roundabout can be
884 used if no SPF is available for the proposed site type or conditions;
885 ®  Multiplying an AMF with the observed crash frequency of an
886 existing site that is being considered for treatment to estimate the
887 change in expected average crash frequency due to application of a
888 treatment, when a site-specific SPF applicable to the treated site is
889 not available.

890 Application of an AMF will provide an estimate of the change in crashes due to a

891 | treatment. There will be variance in results at any particular location.

892 Applying Multiple AMFs

893 The predictive method assumes that AMFs can be multiplied together to
894 | estimate the combined effects of the respective elements or treatments. This approach
895| assumes that the individual elements or treatments considered in the analysis are
896 | independent of one another. Limited research exists regarding the independence of
897| individual treatments from one another.

898 AMFs are multiplicative even when a treatment can be implemented to various
899 | degrees such that a treatment is applied several times over. For example, a 4% grade
900 can be decreased to 3%, 2%, and so on, or a 6-foot shoulder can be widened by 1-ft, 2-
901 ft, and so on. When consecutive increments have the same degree of effect, Equation
902 | 3-7 can be applied to determine the treatment’s cumulative effect.

903 AMF (for n increments) = [AMF(for one increment)] © (3-7)
904 This relationship is also valid for non-integer values of n.
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Applying Multiplicative Accident Modification Factors

Example 1
Treatment X’ consists of providing a left-turn lane on both major-road approaches
to an urban four-leg signalized intersection and treatment ‘y’ is permitting right-
turn-on-red maneuvers. These treatments are to be implemented and it is
assumed that their effects are independent of each other. An urban four-leg
signalized intersection is expected to have 7.9 accidents/year. For treatment t,,
AMF, = 0.81; for treatment t,, AMF, = 1.07.

What accident frequency is to be expected if treatment x and y are both
implemented?

Answer to Example 1
Using Equation 3-7, expected accidents = 7.9 x 0.81 x 1.07 = 6.8 accidents/year.

Example 2
The AMF for single-vehicle run-off-road accidents for a 1% increase in grade is
1.04 regardless of whether the increase is from 1% to 2% or from 5% to 6%.
What is the effect of increasing the grade from 2% to 4%°?

Answer to Example 2
Using Equation 3-8, expected single-vehicle run-off-road accidents will increase by
a factor of 1.04“? = 1.04>=1.08 = 8% increase.

Multiplication of AMFs in Part C

In the Part C predictive method, a SPF estimate is multiplied by a series of AMFs
to adjust the estimate of crash frequency from the base condition to the specific
conditions present at a site. The AMFs are multiplicative because the effects of the
features they represent are presumed to be independent. However, little research
exists regarding the independence of these effects, but this is a reasonable
assumption based on current knowledge. The use of observed crash frequency data
in the EB Method can help to compensate for bias caused by lack of independence of
the AMFs. As new research is completed, future HSM editions may be able to
address the independence (or lack of independence) of these effects more fully.

Multiplication of AMFs in Part D

AMFs are also used in estimating the anticipated effects of proposed future
treatments or countermeasures (e.g., in some of the methods discussed in Section
C.8). The limited understanding of interrelationships between the various treatments
presented in Part D requires consideration, especially when more than three AMFs
are proposed. If AMFs are multiplied together, it is possible to overestimate the
combined affect of multiple treatments when it is expected that more than one of the
treatments may affect the same type of crash. The implementation of wider lanes and
wider shoulders along a corridor is an example of a combined treatment where the
independence of the individual treatments is unclear, because both treatments are
expected to reduce the same crash types. When AMFs are multiplied, the practitioner
accepts the assumption that the effects represented by the AMFs are independent of
one another. Users should exercise engineering judgement to assess the
interrelationship and/or independence of individual elements or treatments being
considered for implementation.
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Engineering judgment is
required to assess inter-
relationships of AMFs and
to assess the benefits of
applying multiple AMFs.

The standard error is the
standard deviation of the
sample mean. The standard
deviation is a measure of
the spread of the sample
data from the sample
mean.
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Compatibility of Multiple AMFs

Engineering judgment is also necessary in the use of combined AMFs where
multiple treatments change the overall nature or character of the site; in this case,
certain AMFs used in the analysis of the existing site conditions and the proposed
treatment may not be compatible. An example of this concern is the installation of a
roundabout at an urban two-way stop-controlled or signalized intersection. The
procedure for estimating the crash frequency after installation of a roundabout (see
Chapter 12) is to estimate the average crash frequency for the existing site conditions
(as a SPF for roundabouts in currently unavailable) and then apply an AMF for a
conventional intersection to roundabout conversion. Installing a roundabout changes
the nature of the site so that other AMFs applicable to existing urban two-way stop-
controlled or signalized intersections may no longer be relevant.

AMFs and Standard Error

The standard error of an estimated value serves as a measure of the reliability of
that estimate. The smaller the standard error, the more reliable (less error) the
estimate becomes. All AMF values are estimates of the change in expected average
crash frequency due to a change in one specific condition. Some AMFs in the HSM
include a standard error, indicating the variability of the AMF estimation in relation
to sample data values.

Standard error can also be used to calculate a confidence interval for the
estimated change in expected average crash frequency. Confidence intervals can be
calculated using Equation 3-8 and values from Exhibit 3-10.

Cl (y%) = AMF, + SE, x MSE (3-8)

Cl(y%) = the confidence interval for which it is y-percent probable that
the true value of the AMF is within the interval;

AMF, = Accident Modification Factor for condition x;
SE,= Standard Error of the AMF,;
MSE = Multiple of Standard Error (see Exhibit 3-10 for values).

Exhibit 3-10: Values for Determining Confidence Intervals using Standard Error

Confidence Interval

(probability that the
true value is within

Multiples of Standard
Error (MSE) to use in

Desired Level of the confidence Equation 3-8
Confidence interval)
Low 65-70% 1
Medium 95% 2
High 99.9% 3
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AMF Confidence Intervals Using Standard Error

Situation
Roundabouts have been identified as a potential treatment to reduce the
estimated average crash frequency for all crashes at a two-way stop-controlled
intersection. Research has shown that the AMF for this treatment is 0.22 with a
standard error of 0.07.

Confidence Intervals
The AMF estimates that installing a roundabout will reduce expected average
crash frequency by 100 x (1 - 0.22) = 78%.

Using a Low Level of Confidence (65-70% probability) the estimated reduction at
the site will be 78% =+ 1 x 100 x 0.07%, or between 71% and 85%.

Using a High Level of Confidence (i.e., 99.9% probability) the estimated reduction
at the site will be 78% = 3 x 100 x 0.07%, or between 57% and 99%.

As can be seen in the above confidence interval estimates, the higher the level of
confidence desired, the greater the range of estimated values.

The Chapter 3 Appendix C provides information of how an AMF and its
standard error affect the probability that the AMF will achieve the estimated results.

AMFs in the HSM

AMF values in the HSM are either presented in text (typically where there are a
limited range of options for a particular treatment), in formula (typically where
treatment options are continuous variables) or in tabular form (where the AMF
values vary by facility type, or are in discrete categories). Where AMFs are presented
as a discrete value they are shown rounded to two decimal places. Where an AMF is
determined using an equation or graph, it must also be rounded to two decimal
places. A standard error is provided for some AMFs.

All AMFs in the HSM were selected by an inclusion process or from the results of
an expert panel review. Part D contains all AMFs in the HSM, and the Part D
Introduction and Applications Guidance chapter provides an overview of the AMF
inclusion process and expert panel review process. All AMFs in Part D are presented
with some combination of the following information:

®  Base conditions, or when the AMF = 1.00;

B Setting and road type for which the AMF is applicable;

®  AADT range in which the AMF is applicable;

®  Accident type and severity addressed by the AMF;

B Quantitative value of the AMF;

®  Gtandard error of the AMF;

®  The source and studies on which the AMF value is based;

®  The attributes of the original studies, if known.

Part D contains all AMFs in
the HSM. The Part D
Introduction and
Applications Guidance
chapter provides an
overview of how the AMFs
were developed.

Part A / Introduction and Fundamentals
Chapter 3—Fundamentals

Page 3-29



Current as of April 6, 2009 Highway Safety Manual — 1% Edition

986 This information presented for each AMF in Part D is important for proper
987 | application of the AMFs. AMFs in Part C are a subset of the Part D AMFs. The Part C
988 AMFs have the same base conditions (i.e., AMF is 1.00 for base conditions) as their
989 corresponding SPFs in Part C.

990 3.5.4. Calibration

The calibration procedure . . L.
P 991 Crash frequencies, even for nominally similar roadway segments or

992 | intersections, can vary widely from one jurisdiction to another. Calibration is the
993 | process of adjusting the SPFs to reflect the differing crash frequencies between
994 | different jurisdictions. Calibration can be undertaken for a single state, or where
995 | appropriate, for a specific geographic region within a state.

for the Part C predictive
models is presented in the
Appendix to Part C.

996 Geographic regions may differ markedly in factors such as climate, animal

997 |  population, driver populations, accident reporting threshold, and accident reporting

998 |  practices. These variations may result in some jurisdictions experiencing different

999 | reported traffic accidents on a particular facility type than in other jurisdictions. In
1000 | addition, some jurisdictions may have substantial variations in conditions between
1001 areas within the jurisdiction (e.g. snowy winter driving conditions in one part of the
1002 | state and only wet winter driving conditions in another). Methods for calculating
1003 | calibration factors for roadway segments C, and intersections C; are included in the
1004 | Part C Appendix to allow highway agencies to adjust the SPF to match local
1005 | conditions.

1006 The calibration factors will have values greater than 1.0 for roadways that, on
1007 | average, experience more accidents than the roadways used in developing the SPFs.
1008 The calibration factors for roadways that, on average, experience fewer accidents
1009 than the roadways used in the development of the SPF, will have values less than 1.0.
1010 |  The calibration procedures are presented in the Appendix to Part C.

1011 Calibration factors provide one method of incorporating local data to improve
1012 | estimated accident frequencies for individual agencies or locations. Several other
1013 | default values used in the methodology, such as collision type distributions, can also
1014 | Dbe replaced with locally derived values. The derivation of values for these parameters
1015 | is also addressed in the calibration procedure Part C Appendix A.1.

1016 3.5.5. Weighting using the Empirical Bayes Method
The EB Method is

presented in detail in the 1017 Estimation of expected average crash frequency using only observed crash

1018 | frequency or only estimation using a statistical model (such as the SPFs in Part C)
1019| may result in a reasonable estimate of crash frequency. However, as discussed in
1020 | Section 3.4.3, the statistical reliability (the probability that the estimate is correct) is
1021 | improved by combining observed crash frequency and the estimate of the average
1022 | crash frequency from a predictive model. While a number of statistical methods exist
1023 | that can compensate for the potential bias resulting from regression-to-the mean, the
1024 | predictive method in Part C uses the empirical Bayes method, herein referred to as
1025| the EB Method.

1026 The EB Method uses a weight factor, which is a function of the SPF
1027 | overdispersion parameter, to combine the two estimates into a weighted average.

Part C Appendix.

1028 The weighted adjustment is therefore dependant only on the variance of the SPF,
1029 | and is not dependant on the validity of the observed crash data.

1030 The EB Method is only applicable when both predicted and observed crash
1031 frequencies are available for the specific roadway network conditions for which the
1032 | estimate is being made. It can be used to estimate expected average crash frequency
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for both past and future periods. The EB Method is applicable at either the site-
specific level (where crashes can be assigned to a particular location) or the project
specific level (where observed data may be known for a particular facility, but cannot
be assigned to the site specific level). Where only a predicted or only observed crash
data are available, the EB Method is not applicable (however the predictive method
provides alternative estimation methods in these cases).

For an individual site the EB Method combines the observed crash frequency
with the statistical model estimate using Equation 3-9:

N =wxN predicted + (-Z - W) XN, observed (3_9)

expected

Where,
Nexpectet = €xpected average crashes frequency for the study period.

Npredgictea = predicted average crash frequency predicted using a SPF for
the study period under the given conditions.

w = weighted adjustment to be placed on the SPF prediction.
Nopseroea = 0bserved crash frequency at the site over the study period.

The weighted adjustment factor, w, is a function of the SPF’s overdispersion
parameter, k, and is calculated using Equation 3-10. The overdispersion parameter is
of each SPF is stated in Part C.

1 (3-10)
w =
I+ k x ( ZNPrea’/cted)

all study
years

Where,
k = overdispersion parameter from the associated SPF.

As the value of the overdispersion parameter increases, the value of the weighted
adjustment factor decreases. Thus, more emphasis is placed on the observed rather
than the predicted crash frequency. When the data used to develop a model are
greatly dispersed, the reliability of the resulting predicted crash frequency is likely to
be lower. In this case, it is reasonable to place less weight on the predicted crash
frequency and more weight on the observed crash frequency. On the other hand,
when the data used to develop a model have little overdispersion, the reliability of
the resulting SPF is likely to be higher. In this case, it is reasonable to place more
weight on the predicted crash frequency and less weight on the observed crash
frequency. A more detailed discussion of the EB Methods is presented in the
Appendix to Part C.

3.5.6. Limitations of Part C Predictive Method

Limitations of the Part C predictive method are similar to all methodologies
which include regression models: the estimations obtained are only as good as the
quality of the model. Regression models do not necessarily always represent cause-
and-effect relationships between crash frequency and the variables in the model. For
this reason, the variables in the SPFs used in the HSM have been limited to AADT
and roadway segment length, because the rationale for these variables having a
cause-and-effect relationship to crash frequency is strong. SPFs are developed with
observed crash data which, as previously described, has its own set of limitations.
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1074 | SPFs vary in their ability to predict crash frequency; the SPFs used in the HSM are
1075| considered to be among the best available. SPFs are, by their nature, only directly
1076 | representative of the sites that are used to develop them. Nevertheless, models
1077 |  developed in one jurisdiction are often applied in other jurisdictions. The calibration
1078 |  process provided in the Part C predictive method provides a method that agencies
1079 | can use to adapt the SPFs to their own jurisdiction and to the time period for which
1080 | they will be applied. Agencies with sufficient expertise may develop SPFs with data
1081 | for their own jurisdiction for application in the Part C predictive method.
1082 | Development of SPFs with local data is not a necessity for using the HSM. Guidance
1083 | on development of SPFs using an agency’s own data is presented in the Part C
1084 |  Introduction and Applications Guidance.

1085 AMFs are used to adjust the crash frequencies predicted for base conditions to
1086 | the actual site conditions. While multiple AMFs can be used in the predictive
1087 | method, the interdependence of the effect of different treatment types on one another
1088 | is not fully understood and engineering judgment is needed to assess when it is
1089 | appropriate to use multiple AMFs (see Section 3.5.3).

1090| 3.6. APPLICATION OF THE HSM

1091 The HSM provides methods for crash estimation for the purposes of making
1092 | decisions relating to the design, planning, operation and maintenance of roadway
1093 | networks.

1094 These methods focus on the use of statistical methods in order to address the
1095 | inherent randomness in crashes. Users do not need to have detailed knowledge of
1096 | statistical analysis methods in order to understand and use the HSM. However, its
1097 | use does require understanding of the following general principles:

1098 ®  Observed crash frequency is an inherently random variable and it is
1099 not possible to predict the value for a specific period. The HSM
1100 estimates refer to the expected average crash frequency that would
1101 be observed if a site could be maintained under consistent
1102 conditions for a long-term period, which is rarely possible.
1103 ®  Calibration of SPFs to local state conditions is an important step in
1104 the predictive method. Local and recent calibration factors may
1105 provide improved calibration.
1106 ®  Engineering judgment is required in the use of all HSM procedures
1107 and methods, particularly selection and application of SPFs and
1108 AMFs to a given site condition.
1109 ®  Errors and limitations exist in all crash data which affects both the
1110 observed crash data for a specific site and the models developed.
1111 ®  Development of SPFs and AMFs requires understanding of
1112 statistical regression modeling and crash analysis techniques. The
1113 HSM does not provide sufficient detail and methodologies for users
1114 to develop their own SPFs or AMFs.

Page 3-32 Part A / Introduction and Fundamentals

Chapter 3—Fundamentals



1115

1116

1117
1118
1119
1120
1121
1122
1123

1124

1125
1126

1127
1128

1129
1130

1131
1132

1133
1134
1135
1136

1137
1138
1139
1140
1141
1142
1143
1144

1145
1146
1147
1148
1149
1150
1151
1152
1153

1154
1155

1156

1157

Highway Safety Manual — 1° Edition Current as of April 6, 2009

3.7. EFFECTIVENESS EVALUATION

3.7.1. Overview of Effectiveness Evaluation

Effectiveness evaluation is the process of developing quantitative estimates of the
effect a treatment, project, or a group of projects has on expected average crash
frequency. The effectiveness estimate for a project or treatment is a valuable piece of
information for future decision-making and policy development. For instance, if a
new type of treatment was installed at several pilot locations, the treatment’s
effectiveness evaluation can be used to determine if the treatment warrants
application at additional locations.

Effectiveness evaluation may include:

® Evaluating a single project at a specific site to document the
effectiveness of that specific project;

®  Evaluating a group of similar projects to document the effectiveness
of those projects;

®  Evaluating a group of similar projects for the specific purpose of
quantifying an AMF for a countermeasure;

®  Assessing the overall effectiveness of specific types of projects or
countermeasures in comparison to their costs.

Effectiveness evaluations may use several different types of performance
measures, such as a percentage reduction in crash frequency, a shift in the
proportions of crashes by collision type or severity level, an AMF for a treatment, or a
comparison of the benefits achieved to the cost of a project or treatment.

As described in Section 3.3, various factors can limit the change in expected
average crash frequency at a site or across a cross-section of sites that can be
attributed to an implemented treatment. Regression-to-the-mean bias, as described in
Section 3.3.3., can affect the perceived effectiveness (i.e., over or under estimate
effectiveness) of a particular treatment if the study does not adequately account for
the variability of observed crash data. This variability also necessitates acquiring a
statistically valid sample size to validate the calculated effectiveness of the studied
treatment.

Effectiveness evaluation techniques are presented in Chapter 9. The chapter
presents statistical methods which provide improved estimates of the crash reduction
benefits as compared to simple before-after studies. Simple before-after studies
compare the count of crashes at a site before a modification to the count of crashes at
a site after the modification to estimate the benefits of an improvement. This method
relies on the (usually incorrect) assumption that site conditions have remained
constant (e.g. weather, surrounding land use, driver demographics) and does not
account for regression-to-the-mean bias. Discussion of the strengths and weaknesses
of these methods are presented in Chapter 9.

3.7.2. Effectiveness Evaluation Study Types

There are three basic study designs that can be used for effectiveness evaluations:
B Observational before/ after studies

B Observational cross-sectional studies

Methods for safety
effectiveness evaluation are
presented in Chapter 9.
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1158 ®  Experimental before/after studies

1159 In observational studies, inferences are made from data observations for
1160 | treatments that have been implemented in the normal course of the efforts to
1161 improve the road system. Treatments are not implemented specifically for
1162 evaluation. By contrast, experimental studies consider treatments that have been
1163 | implemented specifically for evaluation of effectiveness. In experimental studies,
1164 | sites that are potential candidates for improvement are randomly assigned to either a
1165| treatment group, at which the treatment of interest is implemented, or a comparison
1166 | group, at which the treatment of interest is not implemented. Subsequent differences
1167 | in crash frequency between the treatment and comparison groups can then be
1168 |  directly attributed to the treatment. Observational studies are much more common in
1169 | road safety than experimental studies, because highway agencies operate with
1170 |  limited budgets and typically prioritize their projects based on benefits return. In this
1171 sense, random selection does not optimize investment selection and therefore
1172 | agencies will typically not use this method, unless they are making system wide
1173 |  application of a countermeasure, such as rumble strips. For this reason, the focus of
1174| the HSM is on observational studies. The two types of observational studies are
1175 | explained in further detail below.

1176 Observational Before/After Studies

1177 The scope of an observational before/after study is the evaluation of a treatment
1178 | when the roadways or facilities are unchanged except for the implementation of the
1179 | treatment. For example, the resurfacing of a roadway segment generally does not
1180 | include changes to roadway geometry or other conditions. Similarly, the introduction
1181 | of a seat belt law does not modify driver demography, travel patterns, vehicle
1182 | performance or the road network. To conduct a before/after study, data are generally
1183 | gathered from a group of roadways or facilities comparable in site characteristics
1184 | where a treatment was implemented. Data are collected for specific time periods
1185| Dbefore and after the treatment was implemented. Crash data can often be gathered
1186 | for the “before” period after the treatment has been implemented. However, other
1187 data, such as traffic volumes, must be collected during both the “before” and the
1188 | “after” periods if necessary.

1189 The crash estimation is based on the “before” period. The estimated expected
1190 | average crash frequency based on the “before” period crashes is then adjusted for
1191 changes in the various conditions of the “after” period to predict what expected
1192 | average crash frequency would have been had the treatment not been installed.

1193 Observational Cross-Sectional Studies

1194 The scope of an observational cross-sectional study is the evaluation of a
1195| treatment where there are few roadways or facilities where a treatment was
1196 | implemented, and there are many roadways or facilities that are similar except they
1197 | do not have the treatment of interest. For example, it is unlikely that an agency has
1198 | many rural two-lane road segments where horizontal curvature was rebuilt to
1199 | increase the horizontal curve radius. However, it is likely that an agency has many
1200 |  rural two-lane road segments with horizontal curvature in a certain range, such as
1201 1,500- to 2,000-foot range, and another group of segments with curvature in another
1202 range, such as 3,000 to 5,000 feet. These two groups of rural two-lane road segments
1203 | could be used in a cross-sectional study. Data are collected for a specific time period
1204 | for both groups. The crash estimation based on the accident frequencies for one
1205| group is compared with the crash estimation of the other group. It is, however, very
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difficult to adjust for differences in the various relevant conditions between the two
groups.

3.8. CONCLUSIONS

Chapter 3 summarizes the key concepts, definitions, and methods presented in
the HSM. The HSM focuses on crashes as an indicator of safety, and in particular is
focused on methods to estimate the crash frequency and severity of a given site type
for given conditions during a specific period of time.

Crashes are rare and randomly occurring events which result in injury or
property damage. These events are influenced by a number of interdependent
contributing factors which affect the events before, during and after a crash.

Crash estimation methods are reliant on accurate and consistent collection of
observed crash data. The limitations and potential for inaccuracy inherent in the
collection of data apply to all crash estimation methods and need consideration.

As crashes are rare and random events, the observed crash frequency will
fluctuate year to year due to both natural random variation and changes in site
conditions which affect the number of crashes. The assumption that the observed
crash frequency over a short period represents a reliable estimate of the long-term
average crash frequency fails to account for the non-linear relationships between
crashes and exposure. The assumption also does not account for regression-to-the-
mean (RTM) bias (also known as selection bias), resulting in ineffective expenditure
of limited safety funds and over (or under) estimation of the effectiveness of a
particular treatment type.

In order to account for the effects of RTM bias, and the limitations of other crash
estimations methods (discussed in Section 3.4), the HSM provides a predictive
method for the estimation of the expected average crash frequency of a site, for given
geometric and geographic conditions, in a specific period for a particular AADT.

Expected average crash frequency is the crash frequency expected to occur if the
long-term average crash frequency of a site could be determined for a particular type
of roadway segment or intersection with no change in the sites conditions. The
predictive method (presented in Part C) uses statistical models, known as SPFs, and
accident modification factors, AMFs, to estimate predicted average crash frequency.
These models must be calibrated to local conditions to account for differing crash
frequencies between different states and jurisdictions. When appropriate, the
statistical estimate is combined with the observed crash frequency of a specific site
using the EB Method, to improve the reliability of the estimation. The predictive
method also allows for estimation using only SPFs, or only observed data in cases
where either a model or observed data in not available.

Effectiveness evaluations are conducted using observational before/after and
cross-sectional studies. The evaluation of a treatment’s effectiveness involves
comparing the expected average crash frequency of a roadway or site with the
implemented treatment to the expected average crash frequency of the roadway
element or site had the treatment not been installed.
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