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PART C INTRODUCTION AND APPLICATIONS GUIDANCE

C.1. INTRODUCTION TO THE HSM PREDICTIVE METHOD

Part C of the HSM provides a predictive method for estimating expected average
crash frequency (including by crash severity and collision types) of a network,
facility, or individual site. The estimate can be made for existing conditions,
alternatives to existing conditions (e.g., proposed upgrades or treatments), or
proposed new roadways. The predictive method is applied to a given time period,
traffic volume, and constant geometric design characteristics of the roadway.

The predictive method provides a quantitative measure of expected average
crash frequency under both existing conditions and conditions which have not yet
occurred. This allows proposed roadway conditions to be quantitatively assessed
along with other considerations such as community needs, capacity, delay, cost,
right-of-way, and environmental considerations.

The predictive method can be used for evaluating and comparing the expected
average crash frequency of situations like:

®  Existing facilities under past or future traffic volumes;

B  Alternative designs for an existing facility under past or future traffic
volumes;

®  Designs for a new facility under future (forecast) traffic volumes;

® The estimated effectiveness of countermeasures after a period of
implementation;

® The estimated effectiveness of proposed countermeasures on an existing
facility (prior to implementation).

Part C Introduction and Applications Guidance presents the predictive method
in general terms for the first time user to understand the concepts applied in each of
the Part C chapters. Each chapter in Part C provides the detailed steps of the
predictive method and the predictive models required to estimate the expected
average crash frequency for a specific facility type. The following roadway facility
types are included in Part C:

" Chapter 10 - Rural Two-Lane Two-Way Roads
®  Chapter 11 - Rural Multilane Highways

®  Chapter 12 - Urban and Suburban Arterials

The Part C Introduction and Applications Guidance provides:

B Relationships between Part C and Parts A, B and D of the HSM;

®  Relationship between Part C and the Project Development Process;
®  An overview of the predictive method;

® A summary of the predictive method;

Part C of the HSM provides
a predictive method for
estimating expected
average crash frequency
(including by crash severity
and collision types) of a
network, facility, or
individual site.
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Chapter 3 of the HSM
includes fundamental
concepts in Part C.

The predictive method in
Part C in used to estimate
expected average crash
frequency for application in
Part B.
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C.2.

Detailed information needed to understand the concepts and elements in
each of the steps of the predictive method;

Methods for estimating the change in crash frequency due to a treatment;
Limitations of the predictive method;

Guidance for applying the predictive method.

RELATIONSHIP TO PARTS A, B, AND D OF THE HSM

All information needed to apply the predictive method is presented in Part C.
The relationships of the predictive method in Part C to the contents of Parts A, B, and
D are summarized below.

C.3.

Exhibit C-1 illustrates the relationship of the Part C predictive method to the
project development process. As discussed in Chapter 1, the project development
process is the framework used in the HSM to relate crash analysis to activities within
planning, design, construction, operations, and maintenance.

Part A introduces concepts that are fundamental to understanding the
methods provided in the HSM to analyze and evaluate crash frequencies.
Part A introduces the key components of the predictive method, including
Safety Performance Functions (SPFs) and Accident Modification Factors
(AMFs). Prior to using the information in Part C, an understanding of the
material in Part A, Chapter 3 Fundamentals is recommended.

Part B presents the six basic components of a roadway safety management
process. The material is useful for monitoring, improving, and maintaining
an existing roadway network. Applying the methods and information
presented in Part B can help to identify sites most likely to benefit from an
improvement, diagnose accident patterns at specific sites, select appropriate
countermeasures likely to reduce crashes, and anticipate the benefits and
costs of potential improvements. In addition, it helps agencies determine
whether potential improvements are economically justified, establish
priorities for potential improvements, and assess the effectiveness of
improvements that have been implemented. The predictive method in Part C
provides tools to estimate the expected average crash frequency for
application in Part B Chapter 4 Network Screening and Chapter 7 Economic
Appraisal.

Part D contains all AMFs in the HSM. The AMFs in Part D are used to
estimate the change in expected average crash frequency as a result of
implementing a countermeasure(s). Some Part D AMFs are included in Part
C for use with specific SPFs. Other Part D AMFs are not presented in Part C
but can be used in the methods to estimate change in crash frequency
described in Section C.7.

PART C AND THE PROJECT DEVELOPMENT PROCESS
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Exhibit C-1: Relation between Part C Predictive Method and the Project Development
Process

A 4

System Planning

Part C can be used to predict future
performance of an existing facility.
During this process Part D and
Chapters 5 through 7 (Part B) can
also be used to diagnose crash
frequency and severity, select
countermeasures, and conduct an
economic evaluation.

Project Planning

A

Part C can be used to predict future
performance. During this process Part
D and Chapters 6 through 7 (Part B)

Preliminary Design

Final Design can be used for selection and
economic evaluation of
Construction countermeasures.
Y
Operations
Maintenance
C.4. OVERVIEW OF THE HSM PREDICTIVE METHOD

The predictive method provides an 18 step procedure to estimate the “expected
average crash frequency” (by total crashes, crash severity or collision type) of a
roadway network, facility, or site. In the predictive method the roadway is divided
into individual sites, which are either homogenous roadway segments or
intersections. A facility consists of a contiguous set of individual intersections and
roadway segments, each referred to as “sites.” Different facility types are determined
by surrounding land use, roadway cross-section, and degree of access. For each
facility type a number of different site types may exist, such as divided and
undivided roadway segments, and unsignalized and signalized intersections. A
roadway network consists of a number of contiguous facilities.

The predictive method is used to estimate the expected average crash frequency
of an individual site. The cumulative sum of all sites is used as the estimate for an
entire facility or network. The estimate is for a given time period of interest (in years)
during which the geometric design and traffic control features are unchanged and

Chapter 1 provides a
summary of the Project
Development Process.

The result from the
predictive method is the
“expected average crash
frequency”, Nexpectea, Which
is an estimate of a site’s
long term average crash
frequency.
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Chapter 3 provides
information about
regression-to-the-mean
bias.

"Base conditions” are the
specific geometric design
and traffic control features
of the Safety Performance
Function.

AMFs adjust the SPF from
“base conditions” to local
conditions. AMFs are
described in Chapter 3.
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traffic volumes (AADT) are known or forecast. The estimate relies upon regression
models developed from observed crash data for a number of similar sites.

The predicted average crash frequency of an individual site, Npyedictes, is estimated
based on the geometric design, traffic control features, and traffic volumes of that
site. For an existing site or facility, the observed crash frequency, Nopseroed, for that
specific site or facility is then combined with Nyyictes, to improve the statistical
reliability of the estimate. The result from the predictive method is the expected
average crash frequency, Nexecred. This is an estimate of the long term average crash
frequency that would be expected, given sufficient time to make a controlled
observation, which is rarely possible. Once the expected average crash frequencies
have been determined for all the individual sites that make up a facility or network,
the sum of the crash frequencies for all of the sites is used as the estimate of the
expected average crash frequency for an entire facility or network.

As discussed in Section 3.3.3 in Chapter 3, the observed crash frequency (number
of crashes per year) will fluctuate randomly over any period and, therefore, using
averages based on short term periods (e.g., 1 to 3 years) may give misleading
estimates and create problems associated with regression-to-the-mean bias. The
predictive method addresses these concerns by providing an estimate of long-term
average crash frequency, which allows for sound decisions about improvement
programs.

In the HSM, predictive models are used to estimate the predicted average crash
frequency, Npyeiictes, for a particular site type using a regression model developed from
data for a number of similar sites. These regression models, called Safety
Performance Functions (SPFs), have been developed for specific site types and “base
conditions” which are the specific geometric design and traffic control features of a
“base” site. SPFs are typically a function of only a few variables, primarily AADT.

Adjustment to the prediction made by a SPF is required to account for the
difference between base conditions, specific site conditions, and local/state
conditions. Accident Modification Factors (AMFs) are used to account for the specific
site conditions which vary from the base conditions. For example, the SPF for
roadway segments in Chapter 10 has a base condition of 12-ft lane width, but the
specific site may be a roadway segment with a 10-ft lane width. A general discussion
of AMFs is provided in Section C.6.4.

AMFs included in Part C chapters have the same base conditions as the SPFs in
Part C and, therefore, the AMF = 1.00 when the specific site conditions are the same
as the SPF base conditions.

A calibration factor (C;) is used to account for differences between the
jurisdiction(s) for which the models were developed and the jurisdiction for which
the predictive method is applied. The use of calibration factors is described in Section
C.6.5 and the procedure to determine calibration factors for a specific jurisdiction is
described in the Part C Appendix.
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The predictive models used in Part C to determine the predicted average crash
frequency, Npyeiicted, are of the general form shown in Equation C-1.

N

predicte

s =N

spf x

x (AMF,, x AMF,,, x ...x AMF,, ) xC, (C-1)

Where,

Npresicted = predicted average crash frequency for a specific year for site
type x;

Ngyys: = predicted average crash frequency determined for base
conditions of the SPF developed for site type x;

AMF,,
Cx

Accident Modification Factors specific to SPF for site type x;

calibration factor to adjust SPF for local conditions for site
type x.

For existing sites, facilities, or roadway networks, the empirical Bayes (EB)
Method is applied within the predictive method to combine predicted average crash
frequency determined using a predictive model, Nydictes, With the observed crash
frequency, Nosereed (Where applicable). A weighting is applied to the two estimates
which reflects the statistical reliability of the SPF. The EB Method applies only when
observed crash data are available. A discussion of the EB Method is presented in the
Part C Appendix. The EB Method may be applied at the site-specific level when
crashes can be assigned to individual sites (i.e., detailed geographic location of the
observed crashes is known). Alternatively, the EB Method can be applied at the
project-specific level (i.e., to an entire facility or network) when crashes cannot be
assigned to individual sites but are known to occur within general geographic limits
(i.e., detailed geographic locations of crashes are not available). As part of the EB
Method, the expected average crash frequency can also be estimated for a future time
period, when AADT may have changed or specific treatments or countermeasures
may have been implemented.

Advantages of the predictive method are that:

M Regression-to-the-mean bias is addressed as the method concentrates on
long term expected average crash frequency rather than short-term observed
crash frequency.

®  Reliance on availability of crash data for any one site is reduced by
incorporating predictive relationships based on data from many similar sites.

®  The SPF models in the HSM are based on the negative binomial distribution,
which are better suited to modeling the high natural variability of crash data
than traditional modeling techniques, which are based on the normal
distribution.

®  The predictive method provides a method of crash estimation for sites or
facilities that have not been constructed or have not been in operation long
enough to make an estimate based on observed crash data.

The following sections provide the general 18 steps of the predictive method and
detailed information about each of the concepts or elements presented in the
predictive method. The information in the Part C Introduction and Applications
Guidance chapter provides a brief summary of each step. Detailed information on
each step and the associated predictive models are provided in the Part C chapters for
each of the following facility types:

The predictive method
combines predicted average
crash frequency determined
using a predictive model,
Npredictea, With the observed
crash frequency Nopservea:
using the EB Method

The EB Method is presented
in the Part C Appendix.
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Section C.5 describes each
of the 18 steps in the

predictive method.

181 ®  Chapter 10 - Rural Two-Lane Two-Way Roads
182 ®  Chapter 11 - Rural Multilane Highways
183 ®  Chapter 12 - Urban and Suburban Arterials
184 C.5b. THE HSM PREDICTIVE METHOD
185 While the general form of the predictive method is consistent across the chapters,
186 | the predictive models vary by chapter and therefore the detailed methodology for
187 | each step may vary. The generic overview of the predictive method presented here is
188 | intended to provide the first time or infrequent user with a high level review of the
189 | steps in the method and the concepts associated with the predictive method. The
190 | detailed information for each step and the associated predictive models for each
191 | facility type are provided in Chapters 10, 11, and 12. Exhibit C-2 identifies the specific
192 | facility and site types for which Safety Performance Functions have been developed
193 for the HSM.
194 Exhibit C-2: Safety Performance Functions by Facility Type and Site Types in Part C
B B Intersections
HSM Chapter/ Facility %2‘:5&3;3 R%';C';\j,s:y Stop Control on Minor Signalized
Type Segments | Segments Leg(s) 9
3-Leg 4-Leg 3-Leg 4-Leg

10 - Rural Two-Lane v ) v v ) v

Two-Way Roads
11 - Rural Multilane v v v v v

Highways i
12 - Urban and

Suburban v v v v v v

Arterials
195
196 The predictive method in Chapters 10, 11, and 12 consists of 18 steps. The
197 elements of the predictive models that were discussed in Section C.4 are determined
198 and applied in Steps 9, 10, and 11 of the predictive method. The 18 steps of the HSM
199 predictive method are detailed below and shown graphically in Exhibit C-3. Brief
200 detail is provided for each step, and material outlining the concepts and elements of
201 the predictive method is provided in the following sections of the Part C Introduction
202 and Applications Guidance or in the Part C Appendix. In some situations, certain
203 steps will not require any action. For example, a new site or facility will not have
204 observed crash data and, therefore, steps relating to the EB Method are not
205| performed.
206 Where a facility consists of a number of contiguous sites or crash estimation is
207 desired for a period of several years, some steps are repeated. The predictive method
208 can be repeated as necessary to estimate crashes for each alternative design, traffic
209 volume scenario or proposed treatment option within the same period to allow for
210 comparison.
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Exhibit C-3: The HSM Predictive Method

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

Step 8

Step 9

Step 10

Step 11

Step 12

Step 13

Step 14

Step 15

Step 16

Step 17

Step 18

| Define roadway limits and facility type |
[ Define the period of study I

v

Determine AADT and availability of crash data for

F 3

every year in the period of interest

v

[ Determine geometric conditions I

v

Divide roadway into individual roadway
segments and intersections

]

| Assign observed crashes to individual sites (if applicable) |

_,I Select a roadway segment or intersection |

‘

->| Select first or next year of the evaluation period I

v

I Select and apply SPF |
v

| Apply AMFs |
v

I Apply a calibration factor |

Is there
another year?

| Apply site-specific EB method (if applicable) |

Is there
another site?

[ Apply project-level EB method (if applicable) |
v
I Sum all sites and years I

Is there

an alternative YES

design, treatment or
forecast AADT to be
evaluated?

Compare and evaluate results I
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213 Step 1 - Define the limits of the roadway and facility types in the study
214 network, facility, or site for which the expected average crash frequency,
215 severity, and collision types are to be estimated.

216 The predictive method can be undertaken for a roadway network, a facility, or an
217 | individual site. The facility types included in the HSM are outlined in Section C.6.1. A
218 | site is either an intersection or homogeneous roadway segment. There are a number
219 | of different types of sites, such as signalized and unsignalized intersections or
220| wundivided and divided roadway segments. The site types included in the HSM are
221 indicated in Exhibit C-2.

222 The predictive method can be applied to an existing roadway, a design
223 | alternative for an existing roadway, or a design alternative for new roadway (which
224 | may be either unconstructed or yet to experience enough traffic to have observed
225 crash data).

226 The limits of the roadway of interest will depend on the nature of the study. The
227 | study may be limited to only one specific site or a group of contiguous sites.
228 | Alternatively, the predictive method can be applied to a long corridor for the
229 | purposes of network screening (determining which sites require upgrading to reduce
230| crashes) which is discussed in Chapter 4.

231 Step 2 - Define the period of interest.

232 | The predictive method can be undertaken for a past period or a future period. All
233 | periods are measured in years. Years of interest will be determined by the availability
234 of observed or forecast AADTs, observed crash data, and geometric design data.
235| Whether the predictive method is used for a past or future period depends upon the
236 | purpose of the study. The period of study may be:

237 | A past period (based on observed AADTSs) for:

238 ® An existing roadway network, facility, or site. If observed crash data are
239 available, the period of study is the period of time for which the observed
240 crash data are available and for which (during that period) the site geometric
241 design features, traffic control features, and traffic volumes are known.

242 ® An existing roadway network, facility, or site for which alternative
243 geometric design features or traffic control features are proposed (for near
244 term conditions).

245| A future period (based on forecast AADTs) for:

246 ® An existing roadway network, facility, or site for a future period where
247 forecast traffic volumes are available.
248 ® An existing roadway network, facility, or site for which alternative
249 geometric design or traffic control features are proposed for implementation
250 in the future.
251 ® A new roadway network, facility, or site that does not currently exist, but is
252 proposed for construction during some future period.
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Step 3 — For the study period, determine the availability of annual average
daily traffic volumes and, for an existing roadway network, the availability of
observed crash data to determine whether the EB Method is applicable.

Determining Traffic Volumes

The SPFs used in Step 9 (and some AMFs in Step 10), require AADT volumes
(vehicles per day). For a past period, the AADT may be determined by automated
recording or estimated by a sample survey. For a future period, the AADT may be a
forecast estimate based on appropriate land use planning and traffic volume
forecasting models, or based on the assumption that current traffic volumes will
remain relatively constant.

For each roadway segment, the AADT is the average daily two-way 24 hour
traffic volume on that roadway segment in each year of the period to be evaluated
(selected in Step 8).

For each intersection, two values are required in each predictive model. These
are the AADT of the major street, AADT,,, and the AADT of the minor street,
AADT,i. The method for determining AADT,, and AADT,; varies between
chapters because the predictive models in Chapters 10, 11, and 12 were developed
independently.

In many cases, it is expected that AADT data will not be available for all years of
the evaluation period. In that case, an estimate of AADT for each year of the
evaluation period is determined by interpolation or extrapolation as appropriate. If
there is not an established procedure for doing this, the following default rules can be
applied:

B If AADT data are available for only a single year, that same value is assumed
to apply to all years of the before period;

® If two or more years of AADT data are available, the AADTs for intervening
years are computed by interpolation;

®  The AADTs for years before the first year for which data are available are
assumed to be equal to the AADT for that first year;

® The AADTs for years after the last year for which data are available are
assumed to be equal to the last year.

If the EB Method is to be used (discussed below), AADT data are needed for each
year of the period for which observed crash frequency data are available. If the EB
Method will not be used, AADT data for the appropriate time period — past, present,
or future — determined in Step 2 are used.

Determining Availability of Observed Crash Data

Where an existing site or alternative conditions to an existing site are being
considered, the EB Method is used. The EB Method is only applicable when reliable,
observed crash data are available for the specific study roadway network, facility, or
site. Observed data may be obtained directly from the jurisdiction’s crash report
system. At least two years of observed crash frequency data are desirable to apply the
EB Method. The EB Method and criteria to determine whether the EB Method is
applicable are presented in Section A.2.1 in the Appendix to Part C.

The predictive models
require AADT data/volumes.
If AADT are not available,
although not the same,
average daily traffic (ADT)
volumes/data can be used.

The EB Method and criteria
to determine whether the
EB Method is applicable are
presented in Section A.2.1
in the Appendix to Part C.
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297 The EB Method can be applied at the site-specific level (i.e., observed crashes are
298 | assigned to specific intersections or roadway segments in Step 6) or at the project
299 | level (i.e., observed crashes are assigned to a facility as a whole). The site-specific EB
300| Method is applied in Step 13. Alternatively, if observed crash data are available but
301 | can not be assigned to individual roadway segments and intersections, the project
302 | level EB Method is applied (in Step 15).

303 If observed crash frequency data are not available, then Steps 6, 13, and 15 of the
304| predictive method would not be performed. In this case the estimate of expected
305| average crash frequency is limited to using a predictive model (i.e. the predicted
306 | average crash frequency).

307 Step 4 - Determine geometric design features, traffic control features, and site
308 characteristics for all sites in the study network.

309 | In order to determine the relevant data required and avoid unnecessary collection of
310 | data, it is necessary to understand the base conditions of the SPFs in Step 9, and the
311| AMFsin Step 10. The base conditions for the SPFs for each of the facility types in the
312 HSM are detailed in Chapters 10, 11, and 12.

313 Step 5 — Divide the roadway network or facility under consideration into
314 individual roadway segments and intersections, which are referred to as sites.

315 Using the information from Step 1 and Step 4, the roadway is divided into
316 | individual sites, consisting of individual homogenous roadway segments and
317 | intersections. Section C.6.2 provides the general definitions of roadway segments and
318 | intersections used in the predictive method. When dividing roadway facilities into
319| small homogenous roadway segments, limiting the segment length to no less than
320 |  0.10 miles will minimize calculation efforts and not affect results.

321 Step 6 — Assign observed crashes to the individual sites (if applicable).

322 Step 6 only applies if it was determined in Step 3 that the site-specific EB Method
323 | was applicable. If the site-specific EB Method is not applicable, proceed to Step 7. In
324 | Step 3, the availability of observed data and whether the data could be assigned to
325| specific locations was determined. The specific criteria for assigning accidents to
326 | individual roadway segments o r intersections are presented in Section A.2.3 of the
327 | Appendix to Part C.

328 Crashes that occur at an intersection or on an intersection leg, and are related to
329 | the presence of an intersection, are assigned to the intersection and used in the EB
330| Method together with the predicted average crash frequency for the intersection.
331 Crashes that occur between intersections and are not related to the presence of an
332 | intersection are assigned to the roadway segment on which they occur, this includes
333 | crashes that occur within the intersection limits but are unrelated to the presence of
334 | the intersection. Such crashes are used in the EB Method together with the predicted
335| average crash frequency for the roadway segment.

336 Step 7 — Select the first or next individual site in the study network. If there
337 are no more sites to be evaluated, go to Step 15.

338 In Step 5 the roadway network within the study limits is divided into a number
339 | of individual homogenous sites (intersections and roadway segments). At each site,
340 all geometric design features, traffic control features, AADTs, and observed crash
341 | data are determined in Steps 1 through 4. For studies with a large number of sites, it
342 | may be practical to assign a number to each site.
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The outcome of the HSM predictive method is the expected average crash
frequency of the entire study network, which is the sum of the all of the individual
sites, for each year in the study. Note that this value will be the total number of
crashes expected to occur over all sites during the period of interest. If a crash
frequency is desired, the total can be divided by the number of years in the period of
interest.

The estimate for each site (roadway segments or intersection) is undertaken one
at a time. Steps 8 through 14, described below, are repeated for each site.

Step 8 — For the selected site, select the first or next year in the period of
interest. If there are no more years to be evaluated for that site, proceed to
Step 15.

Steps 8 through 14 are repeated for each site in the study and for each year in the
study period.

The individual years of the evaluation period may have to be analyzed one year
at a time for any particular roadway segment or intersection because SPFs and some
AMFs (e.g., lane and shoulder widths) are dependent on AADT, which may change
from year to year.

Step 9 — For the selected site, determine and apply the appropriate Safety
Performance Function (SPF) for the site’'s facility type and traffic control
features.

Steps 9 through 13, described below, are repeated for each year of the evaluation
period as part of the evaluation of any particular roadway segment or intersection.

Each predictive model in the HSM consists of a Safety Performance Function
(SPF), which is adjusted to site specific conditions (in Step 10) using Accident
Modification Factors (AMFs) and adjusted to local jurisdiction conditions (in Step 11)
using a calibration factor (C). The SPFs, AMFs and calibration factor obtained in
Steps 9, 10, and 11 are applied to calculate the predicted average crash frequency for
the selected year of the selected site. The resultant value is the predicted average
crash frequency for the selected year.

The SPF (which is a statistical regression model based on observed crash data for
a set of similar sites) estimates the predicted average crash frequency for a site with
the base conditions (i.e., a specific set of geometric design and traffic control
features). The base conditions for each SPF are specified in each of the Part C
chapters. A detailed explanation and overview of the SPFs in Part C is provided in
Section C.6.3.

The facility types for which SPFs were developed for the HSM are shown in
Exhibit C-2. The predicted average crash frequency for base conditions is calculated
using the traffic volume determined in Step 3 (AADT for roadway segments or
AADT,,;; and AADT,, for intersections) for the selected year.

The predicted average crash frequency may be separated into components by
crash severity level and collision type. Default distributions of crash severity and
collision types are provided in the Part C chapters. These default distributions can
benefit from being updated based on local data as part of the calibration process
presented in Appendix A.1.1.

To account for differences
between the base
geometric design and the
specific geometric design of
the site, Accident
Modification Factors (AMFs)
adjust the SPF estimate.
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Only the AMFs presented in
Part C may be used as part
of the Part C predictive
method.

The calibration factor
adjusts the SPF accounting
for jurisdictional differences
such as weather, time
periods, or driver
demographics.

The overdispersion
parameter provides an
indication of the statistical
reliability of the SPF. The
closer the overdispersion
parameter is to zero, the
more statistically reliable
the SPF.
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Step 10 — Multiply the result obtained in Step 9 by the appropriate AMFs to
adjust the predicted average crash frequency to site-specific geometric design
and traffic control features.

Each SPF is applicable to a set of base geometric design and traffic control
features, which are identified for each site type in the Part C chapters. In order to
account for differences between the base geometric design and the specific geometric
design of the site, AMFs are used to adjust the SPF estimate. An overview of AMFs
and guidance for their use is provided in Section C.6.4 including the limitations of
current knowledge regarding the effects of simultaneous application of multiple
AMFs. In using multiple AMFs, engineering judgment is required to assess the
interrelationships and/or independence of individual elements or treatments being
considered for implementation within the same project

All AMFs used in Part C have the same base conditions as the SPFs used in the
Part C chapter which the AMF is presented (i.e. when the specific site has the same
condition as the SPF base condition, the AMF value for that condition is 1.00). Only
the AMFs presented in Part C may be used as part of the Part C predictive method.

Part D contains all AMFs in the HSM. Some Part D AMFs are included in Part C
for use with specific SPFs. Other Part D AMFs are not presented in Part C but can be
used in the methods to estimate change in crash frequency described in Section C.7.

For urban and suburban arterials (Chapter 12) the average crash frequency for
pedestrian and bicycle base crashes is calculated at the end of this step.

Step 11 — Multiply the result obtained in Step 10 by the appropriate calibration
factor.

The SPFs used in the predictive method have each been developed with data
from specific jurisdictions and time periods. Calibration of SPFs to local conditions
will account for differences. A calibration factor (C: for roadway segments or C; for
intersections) is applied to each SPF in the predictive method. An overview of the use
of calibration factors is provided in Section C.6.5. Detailed guidance for the
development of calibration factors is included in Part C Appendix A.1.1

Step 12 — If there is another year to be evaluated in the study period for the
selected site, return to Step 8. Otherwise, proceed to Step 13.

This step creates a loop through Steps 8 to 12 that is repeated for each year of the
evaluation period for the selected site.

Step 13 — Apply site-specific EB Method (if applicable).

Whether the site-specific EB Method is applicable is determined in Step 3 using
criteria in Part C Appendix A.2.1. If it is not applicable then proceed to Step 14.

If the site-specific EB Method is applicable, Step 6 EB Method criteria (detailed in
Part C Appendix A.2.4.) is used to assign observed crashes to each individual site.

The site-specific EB Method combines the predictive model estimate of predicted
average crash frequency, Npruices, With the observed crash frequency of the specific
site, Nopseres. This provides a more statistically reliable estimate of the expected
average crash frequency of the selected site.

In order to apply the site-specific EB Method, in addition to the material in Part C
Appendix A.2.4, the overdispersion parameter, k, for the SPF is also used. The
overdispersion parameter provides an indication of the statistical reliability of the
SPF. The closer the overdispersion parameter is to zero, the more statistically reliable
the SPF. This parameter is used in the site-specific EB Method to provide a weighting
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to Npredicted and Nopserved. Overdispersion parameters are provided for each SPF in the
Part C chapters.

Apply the site-specific EB Method to a future time period, if appropriate.

The estimated expected average crash frequency obtained above applies to the
time period in the past for which the observed crash data were obtained. Section
A.2.6 in the Appendix to Part C provides a method to convert the estimate of
expected average crash frequency for a past time period to a future time period.

Step 14 —If there is another site to be evaluated, return to step 7, otherwise,
proceed to Step 15.

This step creates a loop for Steps 7 to 13 that is repeated for each roadway
segment or intersection within the study area.

Step 15 — Apply the project level EB Method (if the site-specific EB Method is
not applicable).

This step is applicable to existing conditions when observed crash data are
available, but can not be accurately assigned to specific sites (e.g., the crash report
may identify crashes as occurring between two intersections, but is not accurate to
determine a precise location on the segment). The EB Method is discussed in Section
C.6.6. Detailed description of the project level EB Method is provided in Part C
Appendix A.2.5.

Step 16 — Sum all sites and years in the study to estimate total crashes or
average crash frequency for the network

The total estimated number of crashes within the network or facility limits
during the study period years is calculated using Equation C-2:

_ (c-2)
Ntota/ - z Nrs + Z N/'nt
all all
roadway Intersections
segments

Where,

Nuwr = total expected number of crashes within the roadway limits
of the study for all years in the period of interest. Or, the sum
of the expected average crash frequency for each year for
each site within the defined roadway limits within the study
period;

Nis= expected average crash frequency for a roadway segment

using the predictive method for one year;

Niu= expected average crash frequency for an intersection using
the predictive method for one year.

Equation C-2 represents the total expected number of crashes estimated to occur
during the study period. Equation C-3 is used to estimate the total expected average
crash frequency within the network or facility limits during the study period.

Part C / Predictive Method
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N
471 N total average = fotal (C—3)
n
472 Where,
473 Niotal average = total expected average crash frequency estimated to occur
474 within the defined roadway limits during the study period;
475 n = number of years in the study period.
476 Regardless of whether the total or the total average is used, a consistent approach

477 |  in the methods will produce reliable comparisons.

478 Step 17 — Determine if there is an alternative design, treatment, or forecast
479 AADT to be evaluated.

480 Steps 3 through 16 of the predictive method are repeated as appropriate for the
481 | same roadway limits but for alternative geometric design, treatments, or periods of
482 interest or forecast AADTs.

483 Step 18 — Evaluate and compare results.

484 The predictive method is used to provide a statistically reliable estimate of the
485| expected average crash frequency within defined network or facility limits over a
486 | given period of time for given geometric design and traffic control features and
487 | known or estimated AADT. The predictive method results may be used for a number
488 | of different purposes. Methods for estimating the effectiveness of a project are
489 | presented in Section C.7. Part B of the HSM includes a number of methods for
490 | effectiveness evaluation and network screening, many of which use of the predictive
491 | method. Example uses include:

492 M Screening a network to rank sites and identify those sites likely to respond to
493 a safety improvement;

494 ®  Evaluating the effectiveness of countermeasures after a period of
495 implementation;

496 ® Estimating the effectiveness of proposed countermeasures on an existing
497 facility.

498 | C.6. PREDICTIVE METHOD CONCEPTS

499 The 18 steps of the predictive method have been summarized in section C.5.

500 | Section C.6 provides additional explanation of the some of the steps of the predictive
501 | method. Detail regarding the procedure for determining a calibration factor to apply
502 | in Step 11 is provided in the Part C Appendix A.l. Detail regarding the EB Method,
503 | which is required in Steps 6, 13, and 15, is provided in the Part C Appendix A.2

504 C.6.1. Roadway Limits and Facility Types

Section C.6.1 provides L Lo
505 In Step 1 of the predictive method the extent or limits of the roadway network

506 | under consideration are defined and the facility type or types within those limits is
507 | determined. Part C provides three facility types; Rural Two-Lane Two-Way Roads,
508 | Rural Multilane Highways, and Urban and Suburban Arterials. In Step 5 of the
509 | predictive method, the roadway within the defined roadway limits is divided into
510 | individual sites, which are either homogenous roadway segments or intersections. A
511 | facility consists of a contiguous set of individual intersections and roadway

information about
identifying facility types and
establishing roadway limits.
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segments, referred to as “sites.” A roadway network consists of a number of
contiguous facilities.

Classifying an area as urban, suburban or rural is subject to the roadway
characteristics, surrounding population and land uses and is at the user’s discretion.
In the HSM, the definition of “urban” and “rural” areas is based on Federal Highway
Administration (FHWA) guidelines which classify “urban” areas as places inside
urban boundaries where the population is greater than 5,000 persons. “Rural” areas
are defined as places outside urban areas which have with population greater than
5,000 persons. The HSM uses the term “suburban” to refer to outlying portions of an
urban area; the predictive method does not distinguish between urban and suburban
portions of a developed area.

For each facility type, SPFs and AMFs for specific individual site types (i.e.,
intersections and roadway segments) are provided. The predictive method is used to
determine the expected average crash frequency for each individual site in the study,
for all years in the period of interest, and the overall crash estimation is the
cumulative sum of all sites for all years.

The facility types and facility site types in the HSM Part C are defined below.
Exhibit C-2 summarizes the site types for each of the facility types that are included
in each of the Part C chapters:

®  Chapter 10 - Rural Two-Lane Two-Way Roads: includes all rural highways
with two-lanes and two-way traffic operation. Chapter 10 also addresses
two-lane two-way highways with center two-way left-turn lanes and two-
lane highways with added passing or climbing lanes or with short segments
of four-lane cross-sections (up to two miles in length) where the added lanes
in each direction are provided specifically to enhance passing opportunities.
Short lengths of highway with four-lane cross-sections essentially function as
two-lane highways with side-by-side passing lanes and, therefore, are within
the scope of the two-lane two-way highway methodology. Rural highways
with longer sections of four-lane cross-sections can be addressed with the
rural multilane highway procedures in Chapter 11. Chapter 10 includes three-
and four-leg intersections with minor-road stop control and four-leg
signalized intersections on all the roadway cross-sections to which the
chapter applies.

" Chapter 11 - Rural Multilane Highways: includes rural multilane highways
without full access control. This includes all rural nonfreeways with four
through travel lanes, except for two-lane highways with side-by-side passing
lanes, as described above.  Chapter 11 includes three- and four-leg
intersections with minor-road stop control and four-leg signalized
intersections on all the roadway cross-sections to which the chapter applies.

®  Urban and Suburban Arterial Highways: includes arterials without full
access control, other than freeways, with two, or four through lanes in urban
and suburban areas. Chapter 12 includes three- and four-leg intersections
with minor-road stop control or traffic signal control and roundabouts on all
of the roadway cross-sections to which the chapter applies.

C.6.2. Definition of Roadway Segments and Intersections

The predictive models for roadway segments estimate the frequency of crashes
that would occur on the roadway if no intersection were present. The predictive
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559 | models for an intersection estimate the frequency of additional crashes that occur
560 | Dbecause of the presence of the intersection.

561 A roadway segment is a section of continuous traveled way that provides two-
562 | way operation of traffic, that is not interrupted by an intersection, and consists of
563 | homogenous geometric and traffic control features. A roadway segment begins at the
564 center of an intersection and ends at either the center of the next intersection, or
565| where there is a change from one homogeneous roadway segment to another
566 | homogenous segment. The roadway segment model estimates the frequency of
567 | roadway segment related crashes which occur in Region B in Exhibit C-4. When a
568 | roadway segments begins or ends at an intersection, the length of the roadway
569 | segment is measured from the center of the intersection.

570 Intersections are defined as the junction of two or more roadway segments. The
571 | intersection models estimate the predicted average frequency of crashes that occur
572 |  within the limits of an intersection (Region A of Exhibit C-4) and intersection-related
573 |  crashes that occur on the intersection legs (Region B in Exhibit C-4).

574 When the EB Method is applicable at the site-specific level (see Section C.6.6),
575| observed crashes are assigned to individual sites. Some observed crashes that occur
576 | at intersections may have characteristics of roadway segment crashes and some
577 | roadway segment crashes may be attributed to intersections. These crashes are
578 | individually assigned to the appropriate site. The method for assigning and
579 | classifying crashes as individual roadway segment crashes and intersection crashes
580 | for use with the EB Method is described in Part C Appendix A.2.3. In Exhibit C-4, all
581 | observed crashes that occur in Region A are assigned as intersection crashes, but
582 | crashes that occur in Region B may be assigned as either roadway segment crashes or
583 | intersection crashes depending on the characteristics of the crash.

584 Using these definitions, the roadway segment predictive models estimate the
585| frequency of crashes that would occur on the roadway if no intersection were
586 | present. The intersection predictive models estimate the frequency of additional
587 |  crashes that occur because of the presence of the intersection.

588 Exhibit C-4: Definition of Roadway Segments and Intersections

. Segment Length .
' foenter of intersection to center of Intersaction) '
B! B!
A o
B A B A
™ 7 ™ '

A All crashes that ocour within this region are classified as intersection aashes.
B Crashes In this region may be segrent or Intersection related, depending on
Section C.6.3 provides 589 on the characteristics of the crash.

information about Safety

Performance Functions. 590 C.6.3. Safety Performance Functions

591 SPFs are regression models for estimating the predicted average crash frequency
592 | of individual roadway segments or intersections. In Step 9 of the predictive method,
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the appropriate SPFs are used to determine the predicted average crash frequency for
the selected year for specific base conditions. Each SPF in the predictive method was
developed with observed crash data for a set of similar sites. In the SPFs developed
for the HSM, the dependent variable estimated is the predicted average crash
frequency for a roadway segment or intersection under base conditions and the
independent variables are the AADTs of the roadway segment or intersection legs
(and, in some cases a few additional variables such as the length of the roadway
segment).

An example of a SPF (for rural two-way two-lane roadway segments from
Chapter 10) is shown in Equation C-4.

Ny s = (AADT) x (L) x (365) x10079 x g(~456% (C-4)

Where,

Ny r= predicted average crash frequency estimated for base
conditions using a statistical regression model;

AADT= annual average daily traffic volume (vehicles/day) on
roadway segment;

L=length of roadway segment (miles).

SPFs are developed through statistical multiple regression techniques using
historic crash data collected over a number of years at sites with similar
characteristics and covering a wide range of AADTs. The regression parameters of
the SPFs are determined by assuming that crash frequencies follow a negative
binomial distribution. The negative binomial distribution is an extension of the
Poisson distribution which is typically used for crash frequencies. However, the
mean and the variance of the Poisson distribution are equal. This is often not the case
for crash frequencies where the variance typically exceeds the mean.

The negative binomial distribution incorporates an additional statistical
parameter, the overdispersion parameter that is estimated along with the parameters
of the regression equation. The overdispersion parameter has positive values. The
greater the overdispersion parameter, the more that crash data vary as compared to a
Poisson distribution with the same mean. The overdispersion parameter is used to
determine a weighted adjustment factor for use in the EB Method described in
Section C.6.6.

Accident Modification Factors (AMFs) are applied to the SPF estimate to account
for geometric or geographic differences between the base conditions of the model
and local conditions of the site under consideration. AMFs and their application to
SPFs are described in Section C.6.4.

In order to apply a SPF, the following information relating to the site under
consideration is necessary:

®  Basic geometric design and geographic information of the site to determine
the facility type and whether a SPF is available for that site type;

®  AADT information for estimation of past periods, or forecast estimates of
AADT for estimation of future periods;

®  Detailed geometric design of the site and base conditions (detailed in each of
the Part C chapters) to determine whether the site conditions vary from the
base conditions and therefore an AMF is applicable.

The HSM provides default
distributions of crash
severity and collision type.
These distributions can
benefit from calibration to
local conditions.
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638 Updating Default Values of Crash Severity and Collision Type Distribution for
639 Local Conditions

640 In addition to estimating the predicted average crash frequency for all crashes,
641 | SPFs can be used to estimate the distribution of crash frequency by crash severity
642 | types and by collision types (such as single-vehicle or driveway crashes). The
643 | distribution models in the HSM are default distributions.

644 Where sufficient and appropriate local data are available, the default values (for
645 | crash severity types and collision types and the proportion of night-time accidents)
646 | can be replaced with locally derived values when it is explicitly stated in Chapters 10,
647 11, and 12. Calibration of default distributions to local conditions is described in
648 detail in the Part C Appendix A.1.1.

649 Development of Local SPFs
If possible, development of
650 Some HSM wusers may prefer to develop SPFs with data from their own

651 | jurisdiction for use with the predictive method rather than calibrating the SPFs
652 | presented in the HSM. The Appendix to Part C provides guidance on developing
653 | jurisdiction-specific SPFs that are suitable for use with the predictive method.
654 | Development of jurisdiction-specific SPFs is not required

local SPFs is encouraged.

655 C.6.4. Accident Modification Factors

656 In Step 10 of the predictive method, AMFs are determined and applied to the
657 | results of Step 9. The AMFs are used in Part C to adjust the predicted average crash
658 | frequency estimated by the SPF for a site with base conditions to the predicted
659 | average crash frequency for the specific conditions of the selected site.

660 AMFs are the ratio of the estimated average crash frequency of a site under two
661 | different conditions. Therefore, an AMF represents the relative change in estimated
662 | average crash frequency due to a change in one specific condition (when all other
663 conditions and site characteristics remain constant).

664 Equation C-5 shows the calculation of an AMF for the change in estimated
665 | average crash frequency from site condition ‘a’ to site condition ‘b’.

666 AME - estimated average crash frequency with condition’ b’ (C-5)

~ estimated average crash frequency with condition’ a’
Section C.6.4 describes

application of AMFs. 667 AMFs defined in this way for expected crashes can also be applied to the
668 | comparison of predicted crashes between site condition ‘a” and site condition ‘b’.

669 AMFs are an estimate of the effectiveness of the implementation of a particular
670 treatment, also known as a countermeasure, intervention, action, or alternative
671 | design. Examples include; illuminating an unlighted road segment, paving gravel
672 | shoulders, signalizing a stop-controlled intersection, increasing the radius of a
673 | horizontal curve, or choosing a signal cycle time of 70 seconds instead of 80 seconds.
674| AMFs have also been developed for conditions that are not associated with the
675| roadway, but represent geographic or demographic conditions surrounding the site
676 | or with users of the site, for example, the number of liquor outlets in proximity to a
677 | site.

678 The values of AMFs in the HSM are determined for a specified set of base
679 | conditions. These base conditions serve the role of site condition ‘a” in Equation C-5.
680 | This allows comparison of treatment options against a specified reference condition.
681 For example, AMF values for the effect of lane width changes are determined in
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comparison to a base condition of 12-ft lane width. Under the base conditions (i.e.,
with no change in the conditions), the value of an AMF is 1.00. AMF values less than
1.00 indicate the alternative treatment reduces the estimated average crash frequency
in comparison to the base condition. AMF values greater than 1.00 indicate the
alternative treatment increases the estimated crash frequency in comparison to the
base condition. The relationship between an AMF and the expected percent change in
crash frequency is shown in Equation C-6.

Percent Reduction in Accidents = 100% x (1.00 - AMF) (C-6)

For example,

B If an AMF = 0.90 then the expected percent change is 100% x (1 - 0.90)= 10%,
indicating a 10% change in estimated average crash frequency.

B If an AMF = 1.20 then the expected percent change is 100% x (1 - 1.20)=-20%,
indicating a -20% change in estimated average crash frequency.

Application of AMFs to Adjust Crash Frequencies for Specific Site Conditions

In the Part C predictive models, a SPF estimate is multiplied by a series of AMFs
to adjust the estimate of average crash frequency from the base conditions to the
specific conditions present at that site (see, for example, Equation C-1). The AMFs
are multiplicative because the most reasonable assumption based on current
knowledge is to assume independence of the effects of the features they represent.
Little research exists regarding the independence of these effects. The use of
observed crash data in the EB Method (see Section C.6.6 and the Appendix to Part C)
can help to compensate for any bias which may be 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 thereof) of AMF effects more fully.

Application of AMFs in Estimating the Effect on Crash Frequencies of Proposed
Treatments or Countermeasures

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.7). Where multiple treatments or countermeasures will be applied concurrently
and are presumed to have independent effects, the AMFs for the combined
treatments are multiplicative. As discussed above, limited research exists regarding
the independence of the effects of individual treatments from one another. However,
in the case of proposed treatments that have not yet been implemented, there are no
observed crash data for the future condition to provide any compensation for
overestimating forecast effectiveness of multiple treatments. Thus, engineering
judgment is required to assess the interrelationships and independence for multiple
treatments at a site.

The limited understanding of interrelationships among various treatments
requires consideration, especially when several AMFs are being multiplied. It is
possible to overestimate the combined effect 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 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
implementing potentially interdependent treatments, users should exercise
engineering judgment to assess the interrelationship and/or independence of
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728 | individual elements or treatments being considered for implementation within the
729 | same project. These assumptions may or may not be met by multiplying the AMFs
730| under consideration together with either a SPF or with observed crash frequency of
731 an existing site.

732 Engineering judgment is also necessary in the use of combined AMFs where
733 multiple treatments change the overall nature or character of the site. In this case,
734 | certain AMFs used in the analysis of the existing site conditions and the proposed
735| treatment may not be compatible. An example of this concern is the installation of a
736 | roundabout at an urban two-way stop-controlled or signalized intersection. The
737 | procedure for estimating the crash frequency after installation of a roundabout (see
738 |  Chapter 12) is to estimate the average crash frequency for the existing site conditions
739 (as a SPF for roundabouts is currently unavailable) and then apply an AMF for
740 | conversion of a conventional intersection to a roundabout. Clearly, the installation of
741 a roundabout changes the nature of the site so that other AMFs which may be
742 | applied to address other conditions at the two-way stop-controlled location may no
743 | longer be relevant.

744 AMFs and Standard Error

745 Standard error is defined as the estimated standard deviation of the difference
746 | between estimated values and values from sample data. It is a method of evaluating
747 the error of an estimated value or model. The smaller the standard error, the more
748 |  reliable (less error) the estimate. All AMF values are estimates of the change in
749 | expected average crash frequency due to a change in one specific condition plus or
750 | minus a standard error. Some AMFs in the HSM include a standard error value,
751 |  indicating the variability of the AMF estimation in relation to sample data values.

752 Standard error can also be used to calculate a confidence interval for the
753 | estimated change in expected average crash frequency. Confidence intervals can be
754 | calculated using multiples of standard error using Equation C-7 and values from
755 |  Exhibit C-5.

756 Cl(X%) = AMF + (SE x MSE) (C-7)
757 Where,
758 CI(X%) = confidence interval, or range of estimate values within which
759 it is X% probable the true value will occur;
760 AMF = Accident Modification Factor;
761 SE = Standard Error of the AMF;
762 MSE = Multiple of Standard Error.
Page C-20 Part C / Predictive Method
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Exhibit C-5: Constructing Confidence Intervals Using AMF Standard Error

Confidence Interval
(probability that the Multiple of Standard

true value is within Error (MSE) to use in
Desired Level of the estimated Equation C-7
Confidence intervals)
Low 65-70% 1
Medium 95%
High 99.9% 3

AMFs in the HSM Part C

AMEF values in the HSM are either explained in the text (typically where there are
a limited range of options for a particular treatment), in a formula (where treatment
options are continuous variables) or in tables (where the AMF values vary by facility
type or are in discrete categories). The differences between AMFs in Part C and D
AMFs are explained below.

Part D contains all AMFs in the HSM. Some Part D AMFs are included in Part C
for use with specific SPFs. Other Part D AMFs are not presented in Part C but can be
used in the methods to estimate change in crash frequency described in Section C.7.

C.6.5. Calibration of Safety Performance Functions to Local Conditions

The predictive models in Chapters 10, 11, and 12 have three basic elements, Safety
Performance Functions, Accident Modification Factors and a calibration factor. The
SPFs were developed as part of HSM-related research from the most complete and
consistent available data sets. However, the general level of crash frequencies may
vary substantially from one jurisdiction to another for a variety of reasons including
crash reporting thresholds, and crash reporting system procedures. These variations
may result in some jurisdictions experiencing substantially more reported traffic
accidents on a particular facility type than in other jurisdictions. In addition, some
jurisdictions may have substantial variations in conditions between areas within the
jurisdiction (e.g. snowy winter driving conditions in one part of the state and only
wet winter driving conditions in another part of the state). Therefore, for the
predictive method to provide results that are reliable for each jurisdiction that uses
them, it is important that the SPFs in Part C be calibrated for application in each
jurisdiction. Methods for calculating calibration factors for roadway segments C, and
intersections C; are included in the Part C Appendix to allow highway agencies to
adjust the SPF to match local conditions.

The calibration factors will have values greater than 1.0 for roadways that, on
average, experience more accidents than the roadways used in developing the SPFs.
Roadways that, on average, experience fewer accidents than the roadways used in
the development of the SPF, will have calibration factors less than 1.0.

C.6.6. Weighting Using the Empirical Bayes Method

Step 13 or Step 15 of the predictive method are optional steps that are applicable
only when observed crash data are available for either the specific site or the entire
facility of interest. Where observed crash data and a predictive model are available,
the reliability of the estimation is improved by combining both estimates. The
predictive method in Part C uses the Empirical Bayes method, herein referred to as
the EB Method.

Section C.6.5 presents
calibration concepts. The
calibration method is
described completely in the
Part C Appendix.

Section C.6.6 introduces
more information about the
EB Method.
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Section C.7 provides
methods for estimating
effectiveness of projects.

The EB Method can be used to estimate expected average crash frequency for
past and future periods, and used at either the site-specific level or the project-
specific level (where observed data may be known for a particular facility, but not at
the site-specific level).

For an individual site (i.e., the site-specific EB Method) the EB Method combines
the observed crash frequency with the predictive model estimate using Equation C-8.
The EB Method uses a weighted factor, w, which is a function of the SPFs
overdispersion parameter, k, to combine the two estimates. The weighted
adjustment is therefore dependant only on the variance of the SPF model. The
weighted adjustment factor, w, is calculated using Equation C-9.

N expected =wx N predicted + (1 . 00 - W) X N observed (C_g)
W= 1 (C-9)
I+ k X ( z Npred/'cted)
all study
years
Where,
Nexpected = estimate of expected average crash frequency for the study
period;
Npredgictea=  predictive model estimate of predicted average crash
frequency for the study period;
Nopserved = Observed crash frequency at the site over the study period;
w = weighted adjustment to be placed on the SPF prediction;
k = overdispersion parameter from the associated SPF.

As the value of the overdispersion parameter increases, the value of the weighted
adjustment factor decreases, and thus more emphasis is placed on the observed
rather than the SPF predicted crash frequency. When the data used to develop a
model are greatly dispersed, the precision of the resulting SPF is likely to be lower; in
this case, it is reasonable to place less weight on the SPF estimation 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 SPF estimation and
less weight on the observed crash frequency. A more detailed discussion of the EB
Method is included in the Appendix to Part C.

The EB Method cannot be applied without an applicable SPF and observed crash
data. There may be circumstances where a SPF may not be available or cannot be
calibrated to local conditions or circumstances where crash data are not available or
applicable to current conditions. If the EB Method is not applicable, Steps 6, 13, and
15 are not conducted.

C.7. METHODS FOR ESTIMATING THE SAFETY EFFECTIVENESS
OF A PROPOSED PROJECT

The Part C Predictive Method provides a structured methodology to estimate the
expected average crash frequency where geometric design and traffic control features
are specified. There are four methods for estimating the change in expected average
crash frequency of a proposed project or project design alternative (i.e., the
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effectiveness of the proposed changes in terms of crash reduction). In order of
predictive reliability (high to low) these are:

®  Method 1 - Apply the Part C predictive method to estimate the expected
average crash frequency of both the existing and proposed conditions.

®  Method 2 - Apply the Part C predictive method to estimate the expected
average crash frequency of the existing condition and apply an appropriate
project AMF from Part D (ie., an AMF that represents a project which
changes the character of a site) to estimate the safety performance of the
proposed condition.

®  Method 3 - If the Part C predictive method is not available, but a Safety
Performance Function (SPF) applicable to the existing roadway condition is
available (i.e., a SPF developed for a facility type that is not included in Part
C of the HSM), use that SPF to estimate the expected average crash
frequency of the existing condition. Apply an appropriate project AMF from
Part D to estimate the expected average crash frequency of the proposed
condition. A locally-derived project AMF can also be used in Method 3.

®  Method 4 - Use observed crash frequency to estimate the expected average
crash frequency of the existing condition and apply an appropriate project
AMF from Part D to the estimated expected average crash frequency of the
existing condition to obtain the estimated expected average crash frequency
for the proposed condition.

In all four of the above methods, the difference in estimated expected average
crash frequency between the existing and proposed conditions/ projects is used as the
project effectiveness estimate.

C.8. LIMITATIONS OF THE HSM PREDICTIVE METHOD

The predictive method is based on research using available data bases describing
geometric and traffic characteristics of road systems in the United States. The
predictive models incorporate the effects of many, but not all, geometric designs and
traffic control features of potential interest. The absence of a factor from the
predictive models does not necessarily mean that the factor has no effect on crash
frequency; it may merely indicate that the effect is not fully known or has not been
quantified at this time.

While the predictive method addresses the effects of physical characteristics of a
facility, it considers effect of non-geometric factors only in a general sense. Primary
examples of this limitation are:

®  Driver populations vary substantially from site to site in age distribution,
years of driving experience, seat belt usage, alcohol usage, and other
behavioral factors. The predictive method accounts for the statewide or
community-wide influence of these factors on crash frequencies through
calibration, but not site-specific variations in these factors, which may be
substantial.

®  The effects of climate conditions may be addressed indirectly through the
calibration process, but the effects of weather are not explicitly addressed.

B The predictive method considers annual average daily traffic volumes, but
does not consider the effects of traffic volume variations during the day or

The major limitation of the
predictive method is that
the predictive models
incorporate the effect of
many, but not all,
geometric designs and
traffic control features of
potential interest.
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887 the proportions of trucks or motorcycles; the effects of these traffic factors
888 are not fully understood.
889 Furthermore, the predictive method treats the effects of individual geometric
890 | design and traffic control features as independent of one another and ignores
891 potential interactions between them. It is likely that such interactions exist, and
892 | 1ideally, they should be accounted for in the predictive models. At present, such
893 | interactions are not fully understood and are difficult to quantify.
894 | C.9. GUIDE TO APPLYING PART C
895 The HSM provides a predictive method for crash estimation which can be used
896 | for the purposes of making decisions relating to designing, planning, operating and
897 | maintaining roadway networks.
898 These methods focus on the use of statistical methods in order to address the
899 | inherent randomness in crashes. Users do not need to have detailed knowledge of
900 statistical analysis methods in order to understand and use the HSM. However, use
901 | of the HSM does require understanding the following general principles:
902 ®  Observed crash frequency is an inherently random variable. It is not possible
903 to precisely predict the value for a specific one year period - the estimates in
904 the HSM refer to the expected average crash frequency that would be
905 observed if the site could be maintained under consistent conditions for a
906 long-term period, which is rarely possible.
907 ®  Calibration of an SPF to local state conditions is an important step in the
908 predictive method.
909 ® Engineering judgment is required in the use of all HSM procedures and
910 methods, particularly selection and application of SPFs and AMFs to a given
911 site condition.
912 ®  Errors and limitations exist in all crash data which affects both the observed
913 crash data for a specific site, and also the models developed. Chapter 3
914 provides additional explanation on this subject.
915 ® Development of SPFs and AMFs requires understanding of statistical
916 regression modeling and crash analysis techniques. Appendix to Part C
917 provides guidance on developing jurisdiction-specific SPFs that are suitable
918 for use with the predictive method. Development of jurisdiction-specific
919 SPFs is not required
920 ® In general, a new roadway segment is applicable when there is a change in
921 the condition of a roadway segment that requires application of a new or
922 different AMF value, but where a value changes frequently within a
923 minimum segment length, engineering judgment is required to determine an
924 appropriate average value across the minimum segment length. When
925 dividing roadway facilities into small homogenous roadway segments,
926 limiting the segment length to greater then or equal to 0.10 miles will
927 decrease data collection and management efforts
928 ®  Where the EB Method is applied, a minimum of two years of observed data
929 is recommended. The use of observed data is only applicable if geometric
930 design and AADTs are known during the period for which observed data
931 are available.

Page C-24 Part C / Predictive Method

Introduction and Applications Guidance



932

933
934
935
936
937
938
939
940
941
942
943

944
945
946
947
948
949
950
951
952
953

954
955
956
957
958
959
960

961
962

963

964

965

966

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

C.10. SUMMARY

The predictive method consists of 18 steps which provide detailed guidance for
dividing a facility into individual sites, selecting an appropriate period of interest,
obtaining appropriate geometric data, traffic volume data and observed crash data,
and applying the predictive models and the EB Method. By following the predictive
method steps, the expected average crash frequency of a facility can be estimated for
a given geometric design, traffic volumes and period of time. This allows
comparison to be made between alternatives in design and traffic volume forecast
scenarios. The HSM predictive method allows the estimate to be made between crash
frequency and treatment effectiveness to be considered along with community needs,
capacity, delay, cost, right-of-way and environmental considerations in decision
making for highway improvement projects.

The predictive method can be applied to either a past or a future period of time
and used to estimate total expected average crash frequency, or crash frequencies by
crash severity and collision type. The estimate may be for an existing facility, for
proposed design alternatives for an existing facility, or for a new (unconstructed)
facility. Predictive models are used to determine the predicted average crash
frequencies based on site conditions and traffic volumes. The predictive models in
the HSM consist of three basic elements: safety performance functions, accident
modification factors and a calibration factor. These are applied in Steps 9, 10, and 11
of the predictive method to determine the predicted average crash frequency of a
specific individual intersection or homogenous roadway segment for a specific year.

Where observed crash data are available, observed crash frequencies are
combined with the predictive model estimates using the EB Method, to obtain a
statistically reliable estimate. The EB Method may be applied in Step 13 or 15 of the
predictive method. The EB Method can be applied at the site-specific level (Step 13)
or at the project-specific level (Step 15). It may also be applied to a future time period
if site conditions will not change in the future period. The EB Method is described in
the Part C Appendix A.2.

The following Chapters in Part C provide the detailed predictive method steps
for estimating expected average crash frequency for the following facility types:

®  Chapter 10 - Rural Two-Lane Two-Way Roads
®  Chapter 11 - Rural Multilane Highways

®  Chapter 12 - Urban and Suburban Arterials
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